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PREFACE 



This book is intended for the nse of banners, and for classes in the 
common and higher schools, — in which the elements of Botany, one of 
the most generally interesting of the Natural Sciences, surely ought to be 
taught, and to be taught correctly, as far as the instruction proceeds. 
While these Lessons are made as plain and simple as they well ean be, 
all the subjects treated of have been carried far enough to make the book 
a genuine Grammar of Botany and Vegetable Physiology, and a sufficient 
introduction to those works in which the plants of a country — especially 
of our own — are described. 

Accordingly, as respects the principles of Botany (including Vege- 
table Physiology), this work is complete in itself, as a school-book 
for younger classes, and even for the students of our higher seminaries. 
For it comprises a pretty full account of the structure, organs, growth, 
imd reproduction of plants, and of their important uses in the scheme of 
creation, — subjects which certainly ought to be as generally understood 
by all educated people as the elements of Natural Philosophy or Astron- 
omy are ; and which are quite as easy to be learned. 

The book is also intended to serve as an introduction to the author^s 
Manual of the Botany of the Northern United States (or to any similar 
work describing the plants of other districts), and to be to it what a 
grammar and a dictionary are to a classical author. It consequently con- 
tains many terms and details which there is no necessity for young stu- 
dents perfectly to understand in the first instance, and still less to commit 
to memory, but which they will need to refer to as occasions arise, when 
they come to analyze flowers, and ascertain the names of our wild plants. 

To make the book complete in this respect, a full Glossary, or Diction' 
ary of Terms used in describing Plants, is added to the volume. This con- 
tains very many words which are not used in the Manual of Botany; 
but as they occur in common botanical works, it was thought best to in- 
troduce and explain them. AU the words in the Glossary which seemed 
to require it are accented. 



IT PBEFAGE. 

It is by no means indispensable for students to go through the volume 
before commencing with the analysis of plants. When the proper season 
for botanizing arrives, and when the first twelve Lessons have been gone 
over, they may take up Lesson XXVUI. and the following ones, and pro- 
ceed to study the various wild plants they find in blossom, in the manner 
illustrated in Lesson XXX., &c., — referring to the Glossary, and thence 
to the pages of the Lessons, as directed, for explanations of the various 
distinctions and terms they meet with. Their first essays will necessarily 
be rather tedious, if not difficult ; but each successful attempt smooths 
the way for the next, and soon these technical terms and distinctions 
will become nearly as familiar as those of ordinary language. 

Students who, having mastered this elementary work, wish to extend 
their acquaintance with Vegetable Anatomy and Physiology, and to con- 
sider higher questions about the structure and classification of plants, will 
be prepared to take up the author's Botanical Texi-Booky an Introduction 
to Structural Botany, or other more detailed treatises. 

No care and expense have been spared upon the illustrations of this 
volume; which, with one or two exceptions, are all original. They 
were drawn from nature by Mr. Sprague, the most accurate of living 
botanical artists, and have been as freely introduced as the size to which 
it was needful to restrict the volume would warrant. 

To append a set of questions to the foot of each page, although not un. 
usual in school-books, seems like a reflection upon the competency or the 
faithfulness of teachers, who surely ought to have mastered the lesson be- 
fore they undertake to teach it; nor ought facilities to be afforded for 
teaching, any more than learning, lessons by rote. A full analysis of the 
contents of the Lessons, however, is very convenient and advantageous. 
Such an Analysis is here given, in place of the ordinary table of con- 
tents. This will direct the teacher and the learner at once to the leading 
ideas and important points of each Lesson, and serve as a basis to ground 
proper questions on, if such should be needed. 

ASA GRAY. 

Harvard University, Cambriixgb. 
January 1, 1857. 



*^^* Revised August, 1868, and alterations made adapting it to the new edition cf 
Manual, and to Field, Forest, and Garden Botany, to which this work is the propei 

introduction and companion. 

A. G. 



ANALYSIS OF THE LESSONS.* 



LESSON I. — BoTANT AS ▲ Branch of Natural Histoet. . . p. 1. 

1. Natural History, its subjects. 2. The Inorganic or Mineral Kingdom, 
what it is : why called Inorganic. 3. The Organic world, or the world of Or- 
ganized beings, why so called, and what its peculiarities. 4. What kingdoms 
it comprises. 5, 6. Differences between plants and animals. 7. The use of 
plants : how vegetables are nourished ; and how animals. 

8. Botany, how defined. 9. Physiology, and Physiological Botany, what 
iiey relate to. 10. Systematic Botany, what it relates to : a Flora, what it is. 
11. Greographical Botany, Fossil Botany, &c., what they relate to. 

LESSON II. — The Growth of the Plant from the Seed. . p. 4. 

12. The Course of Vegetation : general questions proposed. 13. Plants 
formed on one general plan. 14. The Grerminating Plantlet : 15. exists in 
miniature in the seed: 16. The Embryo; its parts:' 17, 18. how it develops. 
19. Opposite growth of Root and Stem : 20. its object or remits : 21, 22. the 
difierent way each grows. 

LESSON III. Growth of the Plant from the Seed ; continued, p. 9. 

23. Recapitulation : Ascending and Descending Axis. 24, 25. The Grermi- 
nating Plantlet, how nourished. 26. Deposit of food in the embryo, illustrated 
in the Squash, &c. : 27. in the Almond, Apple-seed, Beech, &c. : 28. in the 
Bean : 29. in the Pea, Oak, and Buckeye : peculiarity of these last 30, 31. 
Deposit of food outside of the embryo : Albumen of the seed : various shapes 
of embryo. 32, 33. Kinds of embryo as to the number of Cotyledons : di- 
cotyledonous : monocotyledonous : polycotyledonous. 34, 35. Plan of vegeta- 
tion. 36. Simple-stemmed vegetation illustrated. 

LESSON IV. The Growth of Plants from Buds and Branches, p. 20. 

37, 38. Branching : difference in this respect between roots and stems. 39. 
Buds, what they are, and where situated : 40. how they grow, and what they 
become. 41. Plants as to size and duration: herb, annual, biennial, perennial : 
shrub : tree. 42. Terminal Bud. 43. Axillaiy Buds. 44. Scaly Buds. 45. 
Naked Buds. 46. Vigor of vegetation from buds illustrated. 47-49. Plan 
and arrangement of Branches : opposite : alternate. 50. Symmetry of Branches, 

* Th« numbers in th« analyidfl refer to the paragraphs. 

a* 
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what it depends on: 51. how it becomes incomplete: 51-59. how varied. 
53 Definite growth. 54. Indefinite growth. 55. Deliquescent or dissolving 
stems, how formed. 56. Excurrent stems of spire-shaped trees, how produced. 
57. Latent Buds. 58. Adventitious Buds. 59. Accessory or supemnmeraiy 
Buds. 60. Sorts of Buds recanitulated and defined. 

LESSON V. MoEPHOLOOT of Roots p. 28. 

61-64. Morphology ; what the term means, and how applied in Botany. 65. 
Primary Boot, simple; and, 66. multiple. 67. Rootlets; how roots absorb; 
time for transplantation, &c. 68. Great amount of surface which a plant 
spreads out, in the air and in the soil ; reduced ^n winter, increased in spring. 
69. Absorbing surface of roots increased by the root-hairs. 70. Fibrous roots 
for absorption. 71. Thickened or fleshy roots as storehouse of food. 72, 73. 
Their principal forms. 74. Biennial roots ; their economy. 75. Perennial 
thickened roots. 76. Potatoes, &c. are not roots. 77. Secondary Roots, their 
economy. 78. Sometimes striking in open air, when they are, 79 Aerial Roots ; 
illustrated in Indian Com, Mangrove, Screw Pine, Banyan, &c. 80. Aerial 
Rootlets of Ivy. 81. Epiphytes or Air-Plants, illustrated. 82. Parasitic Plants, 
illustrated by the Mistletoe, Dodder, &c 

LESSON VI. Morphology op Stems and Beanches. ... p. 36. 

83 - 85. Forms of stems and branches above ground. 86. Their direction or 
habit of growth. 87. Culm, Candex, &c. 88. Suckers : propagation of plants 
by division. 89.^ Stolons : propagation by layering or laying. 90. Offsets. 
91. Runners. 92. Tendrils; how plants climb by them : their disk-like tips in 
the Virginia Creeper. .93. Tendrils are sometimes forms of leaves. 94. Spines 
or Thorns ; their nature : Prickles. 95. Strange forms of stems. 96. Subter- 
ranean stems and branches. 97. The Rootstock or Rhizoma, why stem and 
not root. 98. Why running rootstocks are so troublesome, and so hard to de- 
stroy. 99-101. Thickened rootstocks, as depositories of food. 102. Their 
life and growth. 103. The Tuber. 104. Economy of the Potato-plant. 105. 
Gradations of tubers into, 106. Corms or solid bulbs : the nature and economy 
of these, as in Crocus. 107. Gradation of these into, 108. the Bulb : nature of 
bulbs. 109,110. Their economy. 111. Their two principal sorts. 112. Bulb- 
lets. 113. How the foregoing sorts of stems illustrate what is meant by mor- 
phology. 114. They are imitated in some plants above ground. 115. Consoli- 
dated forms of vegetation, illustrated by Cactuses, &c. 1 16. Their economy 
and adaptation to dry regions. 

LESSON Vn. Morphology op Leaves p. 49. 

117^ Remarkable states of leaves already noticed. 118, 119. Foliage the 
natural form of leaves : others are special forms, or transformations ; why so 
called. 120. Leaves as depositories of food, especially the seed-leaves ; and, 121. 
As Bulb-scales. 122. Leaves as Bnd-scalcs. 123. As Spines. 124. As Ten- 
drils. 125. As Pitchers. 126. As Fly-traps. 127-129. The same leaf serving 
various purooses. 



JLNALTSIS OF THE LESSONS. VU 

LESSON VnL Morphology op Leaves as Foliage. ... p. 64. 

130. Foliage the natural state of leaves. 131. Leaves a contrivance for in- 
creasing surface : the vast surface of a tree in leaf. 132, 133. The parts of a 
leaf. 134. The hlade. 135. Its pulp or soft part and its framework. 136. 
The latter is wood, and forms the ribs or veins and veinlets. 137. Division and 
use of these. 138. Venation, or mode of veining. 139. Its two kinds. 140. 
Netted-veined or reticulated. 141. Parallel-veined or nerved. 142. The so- 
called veins and nerves essentially the same thing; the latter not like the 
nerves of animals. 143. How the sort of veining of leaves answers to the num- 
ber of cotyledons and the kind of plant. 144. Two kinds of parallel-veined leaves. 
145, 146. Two kinds of netted-veined leaves. 147. Relation of the veining to 
the shape of the leaf. 148-151. Forms of leaves illustrated, as to general out- 
line. 152. As to the base. 153. As to the apex. 

LESSON IX. Morphology op Leaves as Foliage ; continued, p. 61. 

154, 155. Leaves either simple or compound. 156-162. Simple leaves il- 
lustrated as to particular outline, or kind and degree of division. 163. Com- 
pound leaves. 164. Leaflets. 165. Kinds of compound leaves. 166, 167. 
The pinnate, and, 168. the palmate or digitate. 169. As to number of leaflets, 
&c. 170. Leaflets, as to lobing, &c. 171, 172. Doubly or trebly compound 
leaves of both sorts. 173. Peculiar forms of leaves explained, such as : 174. 
Perfoliate: 175. Equitant: 176. Those without blade. 177. Phyllodia, or 
flattened petioles. 178. Stipules. 179. Sheaths of Grasses ; Ligule. 

LESSON X. The Arrangement op Leaves p. 71. 

181. Phyllotaxy, or arrangement of leaves on the stem : general sorts of ar- 
rangement. 182. Leaves arise only one from the same place. 183. Clustered 
or fascicled leaves explained. 184. Spiral arrangement of alternate leaves. 185. 
The two-ranked arrangement. 186. The three-ranked arrangement. 187. The 
five-ranked arrangement. 188. The fractions by which these are expressed. 
189. The eight-ranked and the thirteen-ranked arrangements. 190. The series 
of these fractions, and their relations. 191. Opposite and whorled leaves. 
192. Symmetry of leaves, &c. fixed by mathematical rule. 193. Vernation, or 
arrangement of leaves in the bud. 194. The principal modes. 

LESSON XI. The Arrangement op Flowers on the Stem, 

or Inflorescence p. 76. 

195. Passage from the Organs of Vegetation to those of Fructification or Re- 
production. 196. Inflorescence : the arrangement of flowers depends on that 
of the leaves. 197. They are from either terminal or axillary buds. 198. In- 
determinate Inflorescence. 199. Its sorts of flower-clusters. 200. Flower- 
stalks, viz. peduncles and pedicels, bracts and bractlets, &c. 201. Raceme. 
202. Its gradation into (203) a Corymb, and that (204) into (205) an Umbel. 
206. Centripetal order of development 207. The Spike. 208. The Head. 
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209. Spadix. 210: Catkin or Ament 211, 212. Compound inflorescence of 
the preceding kinds. 213. Panicle. 214. Thyrsus. 215. Determinate In- 
florescence explained. 216, 21-7. Cyme : centrifugal order of development 
218. Fascicle. 219. Glomerule. 221. Analysis of flower-clusters. 222. Coni. 
bination of the two kinds of inflorescence in the same plant. 

« 

LESSON XII. The Flower : its Parts or Organs p. 84. 

223. The Flower. 224. Its nature and use. 225. Its organs. 226. The 
Floral Envelopes or leaves of the flower. Calyx and Corolla, together called 
(227) Perianth. 228. Petals, Sepals. 229. Neutral and "double" flowers, 
those destitute of, 230. The Essential Organs : Stamens and Pistils. 231,232. 
The parts of the flower in their sw cession. 233. The Stamen : its parts. 234. 
The Pistil : its parts. 

LESSON XIIL The Plan op the Flower p. 88. 

235. Flowers all constructed upon the same plan. 236. Plan in vegetation 
referred to. 237-239. Typical or pattern flowers illustrated, those at once 
perfect, complete, regular, and symmetrical. 241. Imperfect or separated flowers. 
242. Incomplete flowers. 243. Symmetry and regularity. 244. Irregular flow- 
ers. 245. Unsymmetrical flowers. 246. Numerical plan of the flower. 247. 
Alternation of the successive parts. 248. Occasional obliteration of certain parts. 
24.*^- Abortive organs. 250. Multiplication of parts. 

LESSON XIV. Morphology of the Flower p 96. 

251. Recapitulation of the varied forms under which stems and leaves appear. 
252. These may be called metamorphoses. 253. Flowers are altered branches ; 
how shown. 254. Their position the same as that occupied by buds. 255, 
256. Leaves of the blossom are really leaves. 257. Stamens a diff^erent modifl- 
cation of the same. 258. Pistils another modiflcation ; the botanist's idea of 
a pistil. 259. The arrangement of the parts of a flower answers to that of the 
leaves on a branch. 

LESSON XV. Morphology of the Calyx and Corolla. . . p. 99. 

260. The leaves of the blossom viewed as to the various shapes they assume ; 
as, 261. by growing together. 262. Union or cohesion of parts of the same sort, 
rendering the flower, 263. Monopetalous or monosepalous ; various shapes de- 
fined and named. 265 The tube, and the border or limb. 266. The claw 
and the blade, or lamina of a separate petal, &c. 267. When the parts are 
distinct, polysepalous, and polypetalous. 268. Consolidation, or the growing 
together of the parts of different sets. 269. Insertion, what it means, and what 
is meant by the terms Free and Hypogynous. 270. Perigynous insertion. 271, 
272. Cojierent or adherent calyx, &c. 273. Epigynous. 274. Irregularity of 
parts. 275. Papilionaceous flower, and its parts 276. Labiate or bilabiate 
ftowers. 277. 278. Ligulate flowers : the so-called compound flowers. 
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LESSON XVL Estivation, or thb Aeeanoement of the 

Calyx and Corolla in the Bud. . . . p 108. 

279. Estivation or Praefloration defined. 280. Its principal modes illnAtrated, 
viz. the valvate, indaplicate, radnplicate, convolute or twisted, and imbricated. 
282, 283. Also the open, and the plaited or plicate, and its modification, the 
sapervolute. 

LESSON XVn. MoRPHOLOOT of the Stamens. . . . . . p. ill. 

284. Stamens considered as to, 285 Their insertion. 286. Their nnion with 
each other. 287, 288. Their number. 289. Their parts. 290. The Filamen:. 
291. The Anther. 292, 293. Its attachment to the filament 294. Its structure. 
295. Its mode of opening, &c. 296. Its morphology, or the way in which it is 
8uppose4 to be constructed out of a leaf ; its use, viz. to produce, 297. Pollen. 
298. Structure of pollen-grains. 299. Some of their forms. 

LESSON XVIIL Morphology op Pistils p. 116. 

300. Pistils as to position. 301. As to number. 302. Their parts ; Ovary, 
style, and stigma. 303, 304. Plan of a pistil, whether simple or compound. 
305, 306. The simple pistil, or Carpel, and how it answers to a leaf. 307. Its 
sutures. 308. The Placenta. 309. The Simple Pistil, one-celled, 310. and with 
one style. 311,312. The Compound Pistil, how composed. 313. With two Or 
more cells : 314. their placenta in the axis : 315. their dissepiments or parti- 
tions. 316, 317. One-celled compound pistils. 318. With a free central pla- 
centa. 319, 320. With parietal placentae. 321. Ovary superior or inferior. 
322. Open or Gymnospermons pistil : Naked-seeded plants. 323. Ovules. 324. 
Their structure. 325, 326. Their kinds illustrated. 

LESSON XIX. Morphology op the Receptacle p. 124. 

327. The Receptacle or Torus. 328 - 330. Some of its forms illustrated. 
331. The Disk. 332. Curious form of the receptacle in Nelumbium. 

LESSON XX. The Fruit p. 126. 

333. What the Fruit consists of. 334. Fruits which are not such in a strict 
botanical sense. 335. Simple Fruits. 336, 337. The Pericarp, and the changes 
it may undergo. 338. Kinds of simple fruits. 339. Fleshy fruits. 340. The 
Berry. 341 . The Pepo or Ground-fruit. 342. The Pome or Apple-fruit. 343 - 
345. The Drupe or Stone-fruity 346. Dry fruits. 347. The Achenium : nature 
of the Strawberry. 348. Raspberry and Blackberry. 349 Fruit in the Com- 
posite Family : Pappus. 350. TheUtride 351. The Caryopsis or Grain. 352. 
The Nut : Cupule. 353. The Samara or Key-fruit. 354. The Capsule or Pod. 
355. The Follicle. 356. The Legume and Loment. 357. The true Capsule. 
358,3.59. Dehiscence, its kinds. 361 . The Silique. .362. The Silicle. 363. Th# 
Pyxis. 364. Multiple or Collective Fruits. 365. The Strobile or Cone. 
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LESSON XXI. The Seed. 



366. The Seed ; its origin. 367. Its parts. 360, 369. Its coats. aiO. Tb 
Aril or Arillus. 371. Names applied to the parts of the seed. 372. The Ee^p- 
nel or Nucleus. 373. The Albumen. 374, 375. The Embryo. 376. The 
Kadicle. 377. The Cotyledons or Seed-leaves : the monocotyledonous, dicoty- 
ledonous, and polycotyledonous embryo. 378. The Plumule. 379. The circle 
of vegetable life completed. 

LESSON XXIL How Plants grow . p. 138. 

380, 381. Growth, what it is. 382. For the first formation or beginning of 
a plant dates farther back than to, 383. the embryo in the ripe seed, which is 
already a plantlet. 384. The formation and the growth of the embryo itself. 
385. Action of the pollen on the stigma, and the result. 386. The Eipbryonal 
Vesicle, or first cell of the embryo. 387. Its growth and development into the 
embryo. 388. Growth of the plantlet from the seed. 389. The plant built up 
of a vast number of cells. 390. Growth consists of the increase in size of cells, 
and their multiplication in number. 

LESSON XXIII. Vegetable Fabric : Cellular Tissue. . . p. 142. 

391, 392. Organic Structure illustrated : Cells the units or elements of plants. 
393. Cellular Tissue. 394, 395, 397. How the cells are put together. 396. Inter- 
cellular spaces, air-passages. 398 Size of cells. 399. Rapidity of their produc- 
tion. 400. Their walls colorless ; the colors owing to their contents. 401. The 
walls sometimes thickened. 402. Cells are closed and whole ; yet sap flows from 
one cell to another. 403. Their varied shapes. 

LESSON XXIV. Vegetable Fabric : Wood p. 145. 

404. All plants at the beginning formed of cellular tissue only ; and some 
never have anything else in their composition. 405. Wood soon appears in 
most plants. 406. Its nature. 408. Wood-cells or Woody Fibre. 409. Hard 
wood and soft wood. 410. Wood-cells closed and whole ; yet they convey sap. 
411. They communicate through thin places: Pine-wood, &c. 412. Bast-cells 
or fibres of the bark. 413. Ducts or Vessels. 414. The principal kinds. 415. 
Milk-vessels, Oil-receptacles, &c. 

LESSON XXV. Anatomy of the Root, Stem, and Leaves, p. 149. 

416. The materials of the vegetable fabric, how put together. 417-419. 
Structure and action of the rootlets. 420. Root-hairs. 421. Structure of the 
stem. 422. The two sorts of stem. 423. The Endogenous. 423. The Exo- 
genous : 425. more particularly explained. 426. Parts of the wood or stem 
itself. 427. Parts of the bark. 428. Growth of the exogenous stem year aftet 
year. 429. Growth of the bark, and what becomes of the older parts. 431. 
Changes in the wood ; Sap-wood. 432. Heart-wood. 433. This no longer lir- 
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• 
yr- ^^"ji* What the living parts of a tree are; their annual renewal. 435. 
v/a»*. ' layer or zone of growth in the stem; connected with, 436. new root* 
%ts befow, and new shoots, bads, and leaves above. 437. Structure of a leaf: 
its two parts, the woody and the cellular, or, 438. the pulp ; this contains the green 
ibatter, or Chlorophyll. 439, 440. Arrangement of the cells of green pulp in the 
leaf, and structure of its epidermis or skin. 441. Upper side only endures the 
sunshine. 442. Evaporation or exhalation of moisture from the leaves. 443. 
Stomates or Breathing-pores, their structure and use. 444. Their numbers. 

LESSON XXVI. The Plant in Action, doing the Work 

OF Vegetation p. 157. 

446. The office of plants to produce food for animals. 447. Plants feed 
upon earth and air. 449. Their chemical composition. 450. Two sorts of 
material. 451, 452. The eartRy or inorganic constituents. 453. The organic 
constituents. 454. These form the Cellulose, or substance of vegetable tissue ; 
composition of cellulose. 455. The plant's food, from which this is made. 

456. Water, furnishing hydrogen and oxygen. 458. Carbonic acid, furnishing, 

457. Carbon. 459. The air, containing oxygen and nitrogen; and also, 460. 
Carbonic acid; 461. which is absorbed by the leaves, 462. and by the roots. 
463. Water and carbonic acid the general food of plants. 464. Assimilation 
the proper work of plants. 465. Takes place in green parts alone, under the 
light of the sun. 466 - 468. Liberates oxygen gas and produces Cellulose or 
plant-fabric. 469. Or else Starch ; its nature and use. 470. Or Sugar ; its na- 
ture, &c. The transformations starch, sugar, &c. undergo. 471. Oils, acids, &c. 
The formation of all these products restores oxygen gas to the air. 472. There- 
fore plants purify the air for animals. 473. While at the same time they pro- 
duce all the food and fabric of animals. The latter take all their food ready made 
from plants. 474. And decompose starch, sugar, oil, &c., giving back their ma- 
terials to the air again as ihe food of the plant ; at the same time producing ani- 
mal heat 475. But the fabric or flesh of animals (fibrine, gelatine, &c.) contains 
nitrogen. 476. This is derived from plants in the form of Proteine. Its nature 
and how the plant forms it 477. Earthy matters in the plant form the earthy 
part of bones, &c. 478. Dependence of animals upon plants ; showing the great 
object for which plants were created. 

LESSON XXVIL Plant-Life p. 166. 

479. Life ; manifested by its effects ; viz. its power of transforming matter : 
480. And by motion. 481, 482. Plants execute movements as well as animaU. 
483. Circulation in cells. 484. Free movements of the simplest plants in their 
forming state. 485. Absorption and conveyance of the sap. 486. Its rise into 
the leaves. 487. Explained by a mechanical law ; Endosmose. 488. Set in ac- 
tion by evaporation from the leaves. 489. These movements controlled by the 
plant, which directs growth and shapes the fabric by an inherent power. 490- 
492. Special movements of a conspicuous sort; such as seen in the bending, 
twining, revolving, and coiling of stems and tendrils ; in the so-called sleeping 
and waking states of plants ; in movements from irritation, and striking spon< 
taaeons motions. 
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493. Ciyptogamoas or Flowerless Plants. 494. What they comprise ; why 
so called. 495. To be studied in other works. 

LESSON XXVin. Species and Kinds p. 173. 

496. Plants viewed as to their relationships. 497. Two characteristics of 
plants and animals : they form themselves, and, 498. They exist as Individu- 
als. The chain of individuals gives rise to the idea of, 499, 500. Species : as- 
semblages of individuals, so like that they are infen^d to have a common an- 
cestry. 501. Varieties and Races. 502. Tendency of the progeny to inherit 
all the peculiarities of the parent ; how taken advantage of in developing and 
fixing races. 503. Diversity and gradation of species ; these so connected as to 
show all to be formed on one plan, all works of one hand, or realizations of the 
conceptions of one mind. 504. Kinds, what they depend upon. 505. Genera. 
506. Orders or Families. 507. Suborders and TAbes. 508 Classes. 509. The 
two great Series or grades of plants. 510. The way the various divisions in 
classification are ranked. 

LESSON XXIX. Botanical Names and Characters. ... p. 178. 

511, 512. Classification; the two purposes it subserves. 513. Names : plan of 
nomenclature. 514, 515. Generic names, how formed. 516. Specific names, 
how formed. 517. Names of Varieties. 518, 519. Names of Orders, Sub- 
orders, Tribes, &c. 520, 521. Characters. 

LESSONS XXX.-XXXIL How to study Plants, pp. 181, 187, 191. 

522 - 567. Illustrated by several examples, showing the mode of analyzing and 
ascertaining the name of an unknown plant, and its place in the system, &c. 

LESSON XXXm. Botanical Systems p. 195. 

568-571. Natural System. 572, 573. Artificial Classification. 574. Arti- 
ficial System of Linnaeus. 575. Its twenty-four Classes, enumerated and de- 
fined. 576. Derivation of theu* names. 577, 578. Its Orders. 

LESSON XXXIV. How to collect Specimens and make 

AN Herbarium p. 199. 

579-582. Directions for collecting specimens. 583,584. For drymg and 
preserving specimens. 585, 586. For forming an Herbarium. 

GLOSSARY, OB Dictionary op Botanical Terms p. 203 



\ 



FIUST LESSONS 



IN 



BOTANY AND VEGETABLE PHYSIOLOGY. 



LESSON 1. 

BOTANY AS A BRANCH OF NATURAL HISTORY. 

1. The subjects of Natural History are, the earth itself and the 
beings that live upon it 

2. Tbe Inorgftnie World, or Mineral Kingdom. The earth itself, with 

the air that surrounds it^ and all things naturally belonging to them 
which are destitute of life, make up the mineral kingdom, or in- 
organic world. These are called inorganic^ or unorganized, because 
they are not composed of organs^ that is, of parts which answer to 
one another, and make up a whole, such as is a horse, a bird, or a 
plant* They were formed, but they did not grow, nor proceed from 
previous bodies like themselves, nor have they the power of pro- 
ducing other similar bodies, that is, of reproducing their kind. On 
the other hand, the various living things, or those which have pos- 
sessed life, compose 

3. The Organic World, — the world of organized beings. These 
consist of organs ; of parts Wliich go to make up an individualy ja 
being. And each individual owes its existence to a preceding one 
like itself, that is, to a parent. It was not merely formed, but 
prodticed. At first small and imperfect, it grows and develops by 
powers of its own ; it attains maturity, becomes old, and finally dies. 
It was formed of inorganic or mineral matter, that is, of earth and 
air, indeed ; but only of this matter under the influence of life : 
and after life departs, sooner or later, it is decomposed into eartb 
and air again. 
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4. The organic world consists of two kinds of beings ; fiamely, 
I. Plants or Vegetables, which make up what is called the Vegetable 
Kingdom ; and, 2. Animals, which compose the Animal Kingdom. 

5. The Dirrereneen between Plants and Animali seem at first sight so 

obvious and so great, that it would appear more natural to inquire 
how they resemble rather than how they differ from each other. 
What likeness does the cow bear to the grass it feeds upon ? The 
one moves freely from place to place, in obedience to its own will, 
as its wants or convenience require : the other is fixed to the spot 
of earth where it grew, manifests no will, and makes no movements 
that are apparent to ordinary observation. The one takes its food 
into an internal cavity (the stomach), from which it is absorbed 
into the system : the other absorbs its food directly by its surface, 
by its roots, leaves, &c. Both possess organs; but the limbs or 
members of the animal do not at all resemble the roots, leaves, 
blossoms, &c. of the plant. All these distinctions, however, gradu- 
ally disappear, as we come to the lower kinds of plants and the lower 
animals. Many animals (such as barnacles, coral-animals, and 
polyps) are fixed to some support as completely as the plant is to 
the soil; while many plants are not fixed, and some move from 
place to place by powers of their own. All animals move some of 
their parts freely ; yet in the extent and rapidity of the motion 
many of them are surpassed by the common Sensitive Plant, by 
the Venus's Fly-trap, and by some other vegetables ; while whole 
tribes of aquatic plants are so freely and briskly locomotive, that 
they have until lately been taken for animals. It is among these 
microscopic tribes that the animal and vegetable kingdoms most 
nearly approach each other, — so nearly, that it is still uncertain 
where to draw the line between them. 

6. Since the difficulty of distinguishing between animals and 
plants occurs only, or mainly, in those forms which from their 
minuteness are beyond ordinary observation, we need not further 
concern ourselves with the question here. One, and probably the 
most absolute, difference, however, ought to be mentioned at the 
outset, because it enables us to see what plants are made for. It 
is this : — * 

7. Vegetables are nourished by the mineral kingdom, that is, by 
the ground and the air, which supply all they need, and which they 
are adapted to live upon ; while animals are entirely nourished by 
vej^etables. The great use of plants therefore is, to take portions of 



LESSON 1.^ BOTANY, WHAT IT RELATES TO. 3 

» 

earth ^id air, upon which animals cannot subsist at all, and to con- 
vert these into something upon which animals can subsist, that is, 
into food. All food is produced by plants. How this is done, it is 
the province of Vegetable Physiology to explain. 

8. Botany is the name of the science of the vegetable kingdom in 
general. 

9. Physiology is the study of the way a living being lives, and 
grows, and performs its various operations. The study of plants in 
this view is the province of Vegetable Physiology. The study of the 
form and structure of the organs or parts of the vegetable, by which 
its operations are performed, is the province of Structural Botany. 
The two together constitute Physiological Botany. With this de- 
partment the study of Botany should begin; both because it lies 
at the foundation of all the rest, and because it gives that kind of 
knowledge of plants which it is desirable every one should possess ; 
that is, some knowledge of the way in which plants live, grow, and 
fulfil the purposes of their existence. To this subject, accordingly, 
a large portion of the following Lessons is devoted. 

10. The study of plants as to their kinds is the province of Sys-- 
tematic Botany, An enumeration of the kinds of vegetables, as far 
as known, classified according to their various degrees of resemblance 
■or difference, constitutes a general System of plants. A similar ac- 
count of the vegetables of any particular country or district is called 
a Flora of that country or district. 

11. Other departments of Botany come to view when — instead 
of regarding plants as to what they are in themselves, or as to their 
relationship with each other — we consider them in their relations 
to other things. Their relation to the earth, for instance, as respects 
their distribution over its surface, gives rise to Geographical Botany, 
or Botanical Geography. The study of the vegetation of former 
times, in their fossil remains entombed in the crust of the earth, 
gives rise to Fossil Botany. The study of plants in respect to their 
uses to man is the province of Agricultural Botany y Medical Botany, 
and the like. 
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'THE GROWTH OF THE PLANT FROM THE SEED. 

12. The Course of Vegetation. We see plants growing from the 
seed in spring-time, and gradoaUy developing their parts : at length 
they blossom, bear fruit, and produce seeds like those from which 
tbey grew. Shall we commence the study of the plant with the 
full-grown herb or tree, adorned with flowers or laden with fruit ? 
Or shall we commence with the seedling just rising from the 
ground ? On the whole, we may get a clearer idea of the whole 
life and structure of plants if we begin at the beginning, that is, with 
the plantlet springing from the seed, and follow it throughout its 
course of growth. This also agrees best with the season in which 
the study of Botany is generally commenced, namely, in the spring 
of the year, when the growth of plants fh)m the seed can hardly 
fail to attract attention. Indeed, it is this springing forth of vegeta- 
tion from seeds and buds, after the rigors of our long winter, — 
clothing the earth's surface almost at once with a mantle of freshest 
verdure, — which gives to spring its greatest charm. Even the 
dullest beholder, the least observant of Nature at other seasons, 
can then hardly fail to ask : What are plants ? How do they live 
and grow ? What do they live upon ? What is the object and use 
of vegetation in general, and of its particular and wonderfully various 
forms ? These questions it is the object of the present Lessons to 
answer, as far as possible, in a simple way. 

13. A reflecting as well as observing person, noticing the re- 
semblances between one plant and another, might go on to inquire 
whether plants, with all their manifold diversities of form and 
appearance, are not all constructed on one ^nd the same general 
plan. It will become apparent, as we proceed, that this is the 
case ; — that one common plan may be discerned, which each par- 
ticular plant, whether herb, shrub, or tree, has followed much more 
closely than would at first view be supposed. The differences, wide 
as they are, are merely incidental. What is true in a general way 
of any ordinary vegetable, will be found to be true of all, only with 
great variation in the details. In the same language, though in 
varied phrase, the hundred thousand, kinds of plants repeat the same 
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Story, — are the living witnesses and illustrations of one and the 
same plan of Creative Wisdom in the vegetable world. So that the 
study of any one plant, traced from the seed it springs from round 
to the seeds it produces, would illustrate the whole subject of vege- 
table life and growth. It matters little, therefore, what particular 
plant we begin with. 

14. The Germinating Plantlet. Take for example a seedling IViaple. 
Sugar Maples may be found in abundance in many places, starting 
from the seed (i. e. germinating) in early spring, and Red Maples 
at the beginning of summer, shortly after the fruits of the season 
have ripened and fallen to the ground. A pair of narrow green 
leaves raised on a tiny stem make up the whole plant at its first 
appearance (Fig. 4). Soon a root appears at the lower end of this 
stemlet ; then a little bud at its upper end, between the pair of 
leaves, which soon grows into a second joint or 
stem bearing another pair of leaves, resembling 
the ordinary leaves of the Red Maple, which 
the first did not. Figures 5 and 6 represent 
these steps in the growth. 

15. Was this plantlet formed in the seed at 
the time of germination, something as the chick 
is formed in the egg during the process of incu- 
bation ? Or did it exist before in the, seed, 
ready formed ? To decide this queation, we 
have only to inspect a sound seed, which in this 
instance requires no microscope, nor any other 
instrument than a sharp knife, by which the 
coats of the seed (previously soaked in water, if 
dry) may be laid open. We find within the 
seed, in this case, the little plantlet ready formed, 
and nothing else (Fig. 2) ; — namely, a pair 
of leaves like those of the earliest seedlino: 
(Fig. 4), only smaller, borne on a stemlet just 
like that of the seedling, only much shorter, 
and all snugly coiled up within the protecting 
seed-coat. The plant then exists beforehand 
in the seed, in miniature. It was not formed, but only devel- 

FIG. 1. A winged fniit of Red Maple, with the xeed-beanng portion cut open, to show th« 
aeed. S2. This seed cut open to show the embryo plantlet within, enlarged. 3. The embryo 
^ken out wkole, and iKirtly unfblded. 4. The same after it has begun to gruw } 9i Mm 
natural sixe. 
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oped, in germination ; when it had merely to unfold and grow, — 

to elongate its rudimentary stem, which takes 
at the same time an upright position, so as to 
bring the leaf-bearing end into the light and air, 
where the two leaves expand ; while from the 
opposite end, now pushed farther downwards 
into the soil, the root begins to grow. All this 
is true in the main of all plants that spring from 
real seeds, although with great diversity In the 
particulars. At least, there is hardly an excep- 
tion to the fact, that the pkmtlet exists ready 
formed in the seed, in some shape or other. 

16. The rudimentary plantlet contained in 
the seed is called an Embryo, Its little stem 
is named the Radicle, because it was supposed 
to be the root, when the difference between the 
root and stem was not so well known as now. 
It were better to name it the Caulicle (i. e. 
little stem) ; but it is not expedient to change 
old names. The seed-leaves it bears on its sum- 
mit (here two in number) are technically called 
Cotyledons. The little bud of undeveloped 
leaves which is to be found between the co- 
tyledons before germination in many cases (as in the Pea, Bean, 
Fig. 17, &C.), has been named the Plumule. 

17. In the Maple (Fig. 4), as also in the Morning-Glory (Fig. 
28), and the like, this bud, or plumule, is not seen for some days 
after the seed-leaves are expanded. But soon it appears, hi the 
Maple as a pair of minute leaves (Fig. 5), erelong raised on a stalk 
which carries them up to some distance above the cotyledons. The 
plantlet (Fig. 6) now consists, above ground, of two pairs of leaves, 
viz. : 1. the cotyledons or seed-leaves, borne on the summit of the 
original stemlet (the radicle) ; and 2. a pair of ordinary leaves, 
raised on a second joint of stem which has grown from the top 
of the first Later, a third pair of leaves is formed, and raised 
on a third joint of stem, proceeding from the summit of the second 
(Fig. 7), just as that did from the first ; and so on, until the germi- 
nating plantlet becomes a tree. 




PIG. 5. Germinating Red Maple, which has produced iti root beneath, and la develoinni 
ft second pair of leaves above. 6. Same, further advanced. 
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1$. So the joungeRt seedling, and even the embiyo in the teed, 
is already an epitome of ihe herb or tree. It has a stem, from tbo 
lower end of which it strikes root ; and it - 

has leaves. The tree itself in iis whole 
vegetation has nothing more in kind. • 
To become a tree, the plantlet has only ; 
to repeat itself upwardly by producing 
more similar parts,. — that is, new gior* 
tions of stem, with new and larger leaves, 
in succession, — while beneath, it pushes 
its root deeper and deeper into the soil. 

19. The Oppittilc Growlh of Hoot and 
Sltin began at the beginning of genni- 
na^on, and it continues through Ihe 
whole life of the plant. Whilt! yet 
buried in the soil, and perhaps in total 
darkness, as soon as it begins to grow, 
the stem end of the embryo points 
towards the light, — curving or turning 

quite round if it happens to lie in -J"**"!^ 

some other direction, — and stretches ^\ V 

upwards into the free tur and sunshine ; 
white the root end as uniformly avoids 
the light, bends in the opposite direction 
to do so if necessary, and ever seeks to bury itself more and more 
in the eartli's bosom. How the plantlet makes these movements we 
cannot expl^n. But the object of this instinct is obvious. It 
places the plant from the first in the proper position, with its roots 
in the moist soil, from which they are to absorb nourishment, and its 
leaves in the light and air, where alone they can fulfil their office of 
digesting what the roots absorb. 

20- So the seedling plantlet finds itself provided with all Iha 
organ* of vegttaiioR that even the oldest plant possesses, — namely, 
root, stem, ani leaves ; and has these plaeed in the situation where 
each is to act, — the root in the soil, the foliage in the light and air. 
Thus established, the plantlet has only to set nbout its proper work. 

21. Tbe differeiil Mode of GrowlL of Boot and Stem may also be hens 
mentioned. Each grows, not only in a different direction, but in a 
different way. The stem grows by produdng a set of joints, each froin 
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the summit of its predecessor ; and each joint elongates throughout 
every part, until it reaches its full length. The root is not composed 
of joints, and it lengthens only at the end.* The stem in the embryo 
(viz. the radicle) has a certain length to begin with. In the pump- 
kin-seed, for instance (Fig. 9), it is less than an eighth of an inch 
long : but it grows in a few days to the length of one or two inches 
(Fig. 10), or still more, if the seed were deeper covered by the soil. 
It is by this elongation that the seed-leaves are raised out of the 
soil, so as to expand in. the light and air. The length they acquire 
varies with the depth of the covering. When large and strong seeds 
are too deeply buried, the stemlet sometimes grows to the length of 
several inches in the endeavor to bring the seed-leaves to the sur- 
face. The lengthening of the succeeding joints of the stem serves to 
separate the leaves, or pairs of leaves, from one another, and to ex- 
pose them more fully to the light. 

22. The root, on the other hand, begins by a new formation at 
the bas(ik of the embryo stem ; and it continues to increase in length 
solely by additions to the extremity, the parts once formed scarcely 
elongating at all afterwards. This mode of growth is well adapted 
to the circumstances in which roots are placed, leaving every part 
undisturbed in the soil where it was formed, while the ever-advan- 
cing points readily insinuate themselves into the crevices or looser 
portions of the soil, or pass around the surface of solid obstacles. 
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GROWTH OF THE PLANT FROM THE SElED. CcTUiuUed, 

23. So a plant consists of two parts, growing in a different manner, 
as well as in opposite directions. One part, the root, grows down- 
wards into the soil : it may, therefore, be called the descending axis. 
The other grows upwards into the light and air : it may be called 
the ascending ctxis. The root grows on continuously from the ex- 
tremity, and so does not consist of joints, nor does it bear leaves, 
or anything of the kind. The stem grows by a succession of 
joints, each bearing one or more leaves on its summit Root on 
the one hand, and stem with its foliage on the other, make up the 
whole plantlet as it springs from the seed ; and the full-grown herb, 
shrub, or tree has nothing more in kind, — only more in size and 
number. Before we trace the plantlet into the herb or tree, some 
other cases of the growth of the plantlet from the seed should be 
studied, that we may observe how the same plan is worked out under 
a variety of forms, with certain differences in the details. 1*he mate- 
rials for this study are always at hand. We have only to notice what 
takes place all around us in spring, or to plant some common seeds 
in pots, keep them warm and moist, and watch their germination. 

24. The Germinating Planllet feeds on Nonrishment provided beforehand. 

The embryo so snugly ensconced in the seed of the Maple (Fig. 2, 
3, 4) has from the first a miniature stem, and a pair of leaves already 
green, or which become green as soon as brought to the light. It 
has only to form a root by which to fix itself to the ground, when it 
becomes a perfect though diminutive vegetable, capable of providing 
for itself. This root can be formed only out of proper material: 
neither water nor anything else which the plantlet is imbibing from 
the earth will answer the purpose. The proper material is nourish- 
ing matter, or prepared food, more or less of which is always pro- 
vided by the parent plant, and stored up in the seed, either in the 
embryo itself, or around it. In the Maple, this nourishment is stored 
up in the thickish cotyledons, or seed-leaves. And there is barely 
enough of it to make the beginning of a root, and to provide for the 
lengthening of the stemlet so as to bring up the unfolding seed-leaves 
where they may expand to the light of day. But when this is done, 

S&F— 2 
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the tiny plant is filready able to shift for itself; — that is, to lire and 
continue its growth on what it now takes from the soil and from the 
tur. fuid tlabaratti into nounihment in its two green leaves, under 
the influence of the light of the sun. 

25. In most ordinary planLi, a larger portion of nourishment is 
provided beforehand in the seed ; and the plantlet consequently is 
not so early or so entirely left to its own resources. Let us examine 
a number of cases, selected from very common plants. Sometimes, 
as has just been stated, we find this 

26. Deposil of Food in tbc Embryo itself. And we may observe it 
in every gradation as to quantity, from the Maple of our first illus- 

Iralion, where there is very little, up to 
\ the Pea and the Horsechestnut, where 
I there is as much as there possibly can 
be. If we strip off the coats frpm the 
large and flat seed of a Squash or 
Pumpkin, we find nothing but the em- 
bryo within (Fig. 9) ; and almost the 
whole bulk of this con.sists of the two 
seed-leaves. That these contain a good 
supply of nourishing matter, is evident 
from their sweet taste and from their 
thickness, although there is not enough 
to obscure their leaf-like appearance. 
It is by feeding on this supply of nour- 
ishment that the germinating Squash or 
Pumpkin (Fig. 10) grows so rapidly 
and so vigorously from the seed, — 
lengthening its stemlet to more than 
twenty times the length it had in the 
seed, and thickening it in proportion, — 
sending out at once a number of roots 
' ■ Id' ■ from its lower end, and soon developing 

the plumule (16) from its upper end into a third leaf: meanwhile 
the two cotyledons, relieved from the noui'ishment with which their 
tissue was goi^ed, have expanded into useful green leaves. 

27. For a stronger instance, take next the seed of a Plum or 
Peach, or an Ahnond, or an Apple-seed (Fig. 11, 12), which shows 

Fin. 9. Embryn at a Pumpkin, of (hs DMunl *li>i Um cMykdou ■ linU upnied 
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the same thing on a smaller scale. The embiyo, which here also 

makes up the whole bulk of the kernel of the 
seed, differs from that of the Pumpkin only 
in having the seed-leaves more thickened, hy 
the much larger quantity of nourishment stored 
up in their tissue, — so large and so pure in- 
deed, that the almond becomes an article of 
food. Fed by this abundant supply, the second, 
and even the third joints of the stem, with 
their leaves, shoot forth as soon as the stemlet comes to the surface of 
the soil. The Beech-nut (Fig. 13), with 
its sweet and eatable kernel, consisting 
mainly of a pair of seed-leaves folded 
together, and gorged with nourishing 
matter, offers another instance of the 
same sort : this ample store to feed 
upon enables the germinating plantlet 
to grow with remarkable vigor, and to 
develop a second joint of stem, with its 
pair of leaves (Fig. 14), before the first 
pair has expanded or the root has ob- 
tained mueh foothold in the soil. 

28. A Bean affords a similar and 
more familiar illustration. Here the co- 
tyledons in the seed (Fig. 16) are so 
thick, that, although they are raised out 
of ground in the ordinary way in ger- 
mination (Fig. 17), and turn greenish, 
yet they never succeed in becoming leaf- 
like, — never display their real nature of 
leaves, as they do so plainly in the Ma- 
ple (Fig. 5), the Pumpkin (Fig. 10), the 
Morning-Glory (Fig. 8, 26-28), &c 
Turned to great account as magazines 
of food for the germinating plantlet, they 
fulfil this special office admirably, but 

FTQ. II. An Apple-seed cut through lengthwise, showing the embryo with its thickened 
ootyledons. 12. The embryo of tlie Apple, taken out whole, its cotyledons partly separated 
^ TIG. 13. A Beech-nut, cut across. 14. Beginning germination of the Beech, showing the 
plumule growing before the aityledons have opened or the root has scarcely formed. 15. Tbe 
Mme, a little later, with tlie second Joint lengthened. 
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thej were so gorged and, 



s it were, niissliapen, that they became 
quite unfitted to peribrm the office of 
foliage. Tliis office is accordinglj firet 
peribrmed by the succeeding pair of 
leaves, those of the plumule (Fig. 17, 
18), which is put into rapid growth by 
the abundant nourishment contained in 
the large and thick seed-leavea. The 
latter, having futhlled this office, soon 
wither and fall away. 

29. This is carried a step farther in 
the Pea (Fig. 19, 20), a near relative 



of the Bean, 



The cotyledons, which make up nearly 
the whole bulk of the seed are 
sively thickened, so as to become nearly 
hemispherical in shape. They have lost 
all likeness to leaves, and all power of 
ever fulfilling the ofRce of leaves. Ac- 
cordingly in germination they 
unchanged within the husk or coats of 
the seed, never growing themselves, but 
supplying abundant nourishment to the 
plumule (the hud for the forming stem) 
between them. This pu=ihes forth from 
the seed, shoots upward, and gives rise 

Fin. IB. A Bb»ii ! Ilie embtyn, from 
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to the first leaves that appear. In most cases of the sort, the radicle, 
or short original 3t«mlet of the embryo be- 
low the cotyledons (nhich is plainly shown 
in the Pea, Fig. 19), lengthens very little, 
or not at all ; and so the cotyledons remain 
under ground, if the seed was covered by 
the soil, as every one knows to be the case 
with Peas. In these (Fig, 20), as also in 
the Oak (Fig. 23), the leaves of the first 
one or two joints are imperfect, and mere 
small, scales ; but genuine leaves immedi* 
ately follow. The Horsechestnut and Buck- 
eye (Fig. 23, 24) furnish another instance 
of the same sort. These trees are nearly 
related- to the Maple ; but while the seed- 
leaves of the Maple show themselves lo 
be leaves, even in the seed (as we have 
already seen), and when they germinate 
fulfil the office of ordinary leaves, those 
of the Buckeye and of the Horsechestnut 
(Fig. 23), would never be suspected lo be 
the same organs. Yet they are so, only 
in another shape, — exceedingly thickened 
by the accumulation of a great quantity 
of starch and other nourishing matter in 
their substance ; and besides, their contigu- 
ous faces stick together more or less firmly, 
GO that they never open. But the stalks 
of these seed-leaves grow, and, as they 
lengthen, push the radicle and the plumule 
out of the seed, when the former develops downwardly the roct, the 
hitter iipwanlly the leafy Stem and all it bears (Fig. 24). 

30. Deposit iif Food OUUide of tht EmbrfO. Very ofren the nourish- 
ment provided for the seedling plantlet is laid up, not in the embryo 
itself, but around it. A good instance to begin with is furnished by 
the common Morn ing-G lory, or Convolvulus. The embryo, taken 
out of the seed and straightened, is shown in Fig. 26. It consists 
of a short stemlet and of a pair of very thin and delicate green 
leaves, having no stock of nourishment in them for sustaining the 




FIG. 31. An uorn dividad ■• 



1. The garminiliiit Oak. 
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earliest growth. On cutting open the seed, however, we find this 

embryo (considerably crumpled or folded tt^ether, eo aa to occupy 
less space, Fig. 25) to be surround- 
ed by a mass of rich, mucilaginous 
matter (becoming rather hard and 
solid when dry), which forms the 
principal bulk of the seed. Upon 
this stock the embryo feeds in ger> 
mination ; the seed-leaves absorbing 
it into their tissue as it is rendered 
soluble (through certain chemical 
changes) and dissolved by the wa- 
ter which the germinating seed im- 
bibes from the moist soiL Having 
by this (ud » "• 

lengthened 
ils radicle 
into a stem 
ofconsider- 
M M able length, 

and formed the beginning of a root at its 

lower end, already imbedded in the soil 

(Fig. 27), the cotyledons now disengage 

themselves from the seed-coats, and ex- 
pand in the light as the first pair of leaves 

(Fig. 28). These immediately begin to 

elaborate, under the sun's influence, what 

the' root imbibes from the soil, and the n 

nourishment so produced is used, partly to 

increase the size of the httle stem, root, 

and leaves already existing, and partly to 

produce a second joint of stem with its 

leaf (Fig. 29), then a third with its leaf 

(Fig. 8) ; and so on. 
31. This maternal store of ft 

the embryo (but r 




I, deposited in the seed along with 
I its substance), the old botanists likened to 
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the albumen^ or white of the egg^ which encloses the yolk, and 
therefore gave it the same name, — the aUmmen of the seed, — a 
name which it still retains. Food of this sort for the plant is also 
food for animals, or for man ; and it is 
this albumen, the floury part of the seed, 
which forms the principal bulk of such 
important grains as those of Indian Com 
(Fig. 38-40), Wheat, Rice, Buck- 
wheat, and of the seed of Four-o'clock, 
(Fig. 36, 37), and the like. In all 
these last-named cases, it may be ob- 
served that the embryo is not enclosed 
in the albumen, but placed on one side 
of it, yet in close contact with it, so 
that the embryo may absorb readily 
from it the nourishment it requires 
when it begins to grow. Sometimes 
the embryo is coiled around the outside, in the form of a ring, as 
in the Purslane and the Four-o'clock (Fig. 36, 37) ; sometimes it is 
coiled within the albumen, as in the Potato (Fig. 34, 35) ; some- 
times it is straight in the centre of the albumen, occupying nearly its 
80 S3 M 88 whole length, as in 

the Barberry (Fig. 
32, 33), or much 
smaller and near one 
end, as in the Iris 
(Fig. 43) ; or some- 
times so minute, in 
the midst of the al- 
bumen, that it needs 
a magnifying-glass to 
find it, as in the But- 











as 



87 



FIG. 39. Germination of the Morning Glory more advanced : the upper part only i showing 
the leafy cotyledons, the second joint of stem with its leaf, and the third with its leaf just 
developing. 

FIG. 30. Section of a seed of a Peony, showing a very small embryo in the albumen, 
near one end. 31. This embryo detached, and more magnified. 

FIG. 33. Section of a seed of Barberry, showing the straight embryo in the middle of 
the albumen. 33. Its embryo detached. 

FIG. 34. Section oi a Potato-seed, sliowing the embryo coiled in the albumen. 35. Itv 
embryo detached. 

FIG. 36. Section of the seed of Foiir-oVlock, showing the embryo coiled nmiid Cfee 
outside of tlie albumen. 33L Its embryo detached- 
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tercup or the Columbine, and in the Peony (Fig. 30, 31), where, 
however, it is lai^ enough to be distinguished by tlie naked eye. 
Nothing is more curious than the various shapes and positions o^ 
the embryo in the seed, nor more interesting than to walch its de- 
velopment in germination. One point is still to be noticed, since 
the botanist considers it of much importance, namely : — 

32. Tbe EiQd) of Embryo as to the Numbti of Cotyledoni. In all the 
figures, it is easy to see that the embryo, however various in shape, 
is constructed on one and the same plan ; — it consists of a radicle or 
Etemlel, with a pair of cotyledons on its summit. Botanists there- 
fore call it dicotyUdonous, — an inconveniently long word to express 
the fact that the embryo has two cotyledons or seed-leaves. In 
many cases (as in- the Buttercup), the cotyledons are indeed so 
minute, tliat they are discerned only by the nick in the upper end 
of the little embryo ; yet in germination they grow into a pair of 
seed-leaves, just as in other cases where they are plain to be seen, 
as leaves, in the seed. But in Indian Corn (Fig. 40), in Wheat, 
the Onion, the Iris (Fig, 43), &&, it \& well known that only one 
leaf appears at first from the 
sprouting seed : in these the 
embryo has only one cotyle- 
I don, and it is therefore termed 
' by the botanists Mo»M)coiy«A>- 
B MM nous ; — an extremely long 

word, like the other, of Greek derivation, which means ime-cotyk- 
domed. The rudiments of one or more other leaves are, indeed, 
commonly present in this sort of embryo, as is plain to see in Indian 
Com (Fig. 38 - 40), but they form a bud situated above or within 
the cotyledon, and enclosed by it more or less completely ; so that 
they evidently l)elong to the plumule (16) ; and these leaves appear 
in the seedling plantlet, each from within its predecessor, and there- 
fore originating higher up on the forming stem (Fig. 42, 44). This 
will readily be understood from the accompanying figures, with their 
explanation, which the student may without difficulty verify for him- 

FIO. 3S, A grain "* Imti*" Cf™, fl««i™, 'i" »»'«)' " li'O". «o u lo ihow Uie «inbiTO, 

FIO. 39. AnpllwrpiiiiiofConi.cul through the middle in the opposite diretl ion, divid- 
ing the emhiyn Ihruuuh ila Ihicli; cotyledon end in plumule, Ilis lillot coniiiting of two 
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self, and ehould do so, hj examining grains of Indian Corn, soaked 
in water, before and also during germination. In the Onion, Lily, 
and the Iris (Fig. 43), Ihe monocotyledonous embryo is simpler, 
consisting apparently of -a simple oblong or cyliodrical 
body, in which no distinction of parts is visible : the lower 
end ia radicle, and from it grows the root ; the rest is a 
cott/ledon, which has wrapped up in it a minute plumule, 
or bud, that shows itself when the seeds sprout in germi- 
nation. The first leaf which appears above ground in all 
these cases is not the cotyledon. In all seeds with one coty- 
ledon to the embryo, this remuns in the seed, or at least 
its upper part, while its lengthening base comes out, so as 
to extricate the plumule, which shoots upward, and de- 
velops the first leaves of the planllet. Tliese appear one 

.1 , pj. ^j[[,in the other in succes- 

— as is shown in Fig. 42 and 
t4, — the first commonly in the 
irf a little scale or imperfect 
the second or third and the " 

ing ones as the real, ordinary leave!) of 
lant. Meanwhile, frwn the root end of 
nbryo, a root (Fig. 41, 44), or soon a 
cluster of roots (Fig. 42), makes its 

In Fines, and the like, the embryo con- 
>f a radicle or stemlet, bearing on ilx 
it three or four, or often from five to 
ten slender cotyledons, arranged in a 
circle (Fig. 45), and expanding at 
once into a circle of as many green 
leaves in germination (Fig. 46). Such 
embryos are said to ba polycoti/ledonotu. 
that is, as the word denotes, many- 
cotyledon ed. 

34. Plan ot VegttatioD. The student 
<■ who has understand! ngly followed the 

growth of the embryo in the seed into the seedling plantlet, — com- 
posed of a root, and a stem of two or three joints, each bearing a 
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leaf, or a pair (rarely a circle) of leaves, — will have gained a cor- 
rect idea of the plan of vegetation in general, and have laid a good 
foundation for a knowledge of the whole structure and physiology 
„ of plants. For the plant goea on to grow in the same 

way throughout, by mere repetitions of what the early 
germinating plantlet displays to view, — of what waa 
contained, in miniature or in rudiment, in the seed itself. 
So fiir as vegetation is concerned (leaving out of view 
for the present the flower and fruit), the full-grown leafy 
herb or tree, of whatever size, has nothing, and does 
nothing, which the seedling plantlet does not have and 
do. The whole mass of stem or trunk and foliage of 
the complete plant, even of the lai^eat forest-tree, is 
composed of a succession or multiplication of similar 
parts, — one arising from the summit of another, — 
each, so to say, the oS'spring of the preceding and 
the parent of the next- 

35. In the same way that the earliest portions of 
the seedling stem, with the leaves 
they bear, are successively produced, 
so, joint by joint in direct suco 
sion, a Mngle, simple, leafy stem is 
developed and carried up. Of such a 
umple leafy stem many a plant consists 
(before flowering, at least), — many 
herbs, such as Sugar-Cane, Indian 
Com, the Lily, the tall Banana, the 
Yucca, Sec; and among trees the I 
Palms and the Cycas (wrongly called 
Sago Palm) exhibit the same simplicity, th 
stems, of whatever age, being unbranched columns 
(Fig. 47). (Growth in diameter is of course to be considered, 
as well as growth in length. That, and the question how growth 
of any kind takes place, we will consider hereafter.) But more 
commonly, as soon an the plant has produced a main stem of a cer- 
tun length, and dtspktyed a certain amount of foliage, it begins to 

FIG. 13. Stn^tlnn aC a k«iI of the Iris, nr Flowei-d«-Luce, abowtof iu ■mill smbiTa In 
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produce additional stems, that is, brancAe$. The branching plant 
we will consider in the next Lesson. 

36. The subjoined figures (Fig. 47) give a view of some forma 
of simple-stemmed vegetation. The figure in the foreground on 
the lefl represents a Cycas (wrongly called in the conservatories 
Safto Palm). Behind it is a Yucca (called Spanish Bayonet «t the 
South) and two Cocoanut Palm-trees. On the right is some Indian 
Com, and hehiad it a Banana. 
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LESSON IV. 

THE GROWTH OF PLANTS FROM BUDS AND BRANCHES. 

37. We have seen how the plant grows so as to produce a root, 
and a simple stem with its foliage. Both the root and stem, how- 
ever, generally branch. 

38. The branches of the root arise without any particular order. 
There is no telling beforehand from what part of a main root they 
will spring. But the branches of the stem, except in some extra- 
ordinary cases, regularly aiise from a particular place. Branches 
or shoots in their undeveloped state are 

39. Buds. These regularly appear in the axils of the leaves, — 
that is, in the angle formed by the leaf with the stem on the upper 
side ; and as leaves are symmetrically arranged on the stem, the 
buds, and the branches into which the buds grow, necessarily par- 
take of this symmetry. 

40. We do not confine the name of bud to- the scaly winter-buds 
which are so conspicuous on most of our shrubs and tfees in winter 
and spring. It belongs as well to the forming branch of any herb, at 
its first appearance in the axil of a leaf. In growing, buds lengthen 
into branches, just as the original stem did from the plumule of the 
embryo (16) when the seed germinated. Only, while the original 
stem is implanted in the ground by its root, the branch is implanted 
on the stem. Branches, therefore, are repetitions of the main stem. 
They consist of the same parts, — namely, joints of stem and leaves, 
— growing in the same way And in the axils of their leaves 
another crop of buds is naturally produced, giving rise to another 
generation of branches, which may in turn produce still another 
generation ; and so on, — until the tiny and simple seedling develops 
into a tall and spreading herb or shrub ; or into a massive tree, 
with its hundreds of annually increasing branches, and its thousands, 
perhaps millions, of leaves. 

41. The herb and the tree grow in the same way. The difference 
is only in size and duration. 

An Jlierb dies altogether, or dies down to the ground, after it has 
ripened its fruit, or at the approach of winter. 
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An annual herb flowers in the first year, and dies, root and all, 
afier ripening its seed : Mustard, Peppergrass, Buckwheat, &c., are 
examples. 

A bienmcd herb — such as the Turnip, Carrot, Beet, and Cabbage 
— grows the first season without blossoming, survives the winter, 
flowers after that, and dies, root and all, when it has ripened its seed. 

A perennial herb lives and blossoms year after year, but dies 
down to the ground, or near it, annually, — not, however, quite down 
to the root : for a portion of the s^m, with its buds, still survives ; 
and from these buds the shoots of the following year arise. 

A Shruh is a perennial plant, with woody stems which continue 
alive and grow year after year. 

A Tree differs from a shrub only in its greater size. 

42. The Terminal Bad. There are herbs, shrubs, and trees which 
do not branch, as we have already seen (35) ; but whose stems, 
even when they livft for many years, rise as a simple shaft 
(Fig. 47). These plants grow by the continued evolution of a bud 
which crowns the summit of the stem, and which is therefore called 
the terminal bud. This bud is very conspicuous in 
many branching plants also ; as on all the stems or 
shoots of Maples (Fig. 53), Horsechestnuts (Fig. 48), 
or Hickories (Fig. 49), of a year old. When they 
grow, they merely prolong the shoot or stem on which 
they rest. On these same shoots, however, other buds ^ % 
are to be seen, regularly arranged down their sides. 
We find them situated just over broad, flattened places, 
which are the scars left by the fall of the leaf-stalk the 
autumn previous. Before the fall of the leaf, they 
would have been seen to occupy their axils (39) : so 
they are named 

43. Axillary Buds. They were formed in these trees 
early in the summer. Occasionally they grow at the 
time into branches : at least, some of them are pretty 
sure to do so, in ca^se the growing terminal bud at the 
end of the shoot is injured or destroyed. Otherwise 
they lie dormant until the spring. In many trees 48 
or shrubs (such for example as the Sumach and Honey-Locust) 
these axillary buds do not show themselves until spring; but if 



FIG. 48. Shoot of Hurscchestnut, of one year's growth, taken in autumn after the leaves 
bave fallen. 
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eearcbed for, the; may be detected, though of email size, hidden 
under the bark. Sometime^ although early formed, they are con- 
cealed all summer long under the base of the leaf- 
stalk, hollowed out into a sort of inverted cup, like a 
candle-extinguisher, to cover them ; as in the Locust, 
the Yellow-wood, or more strikingly in the Button- 
wood or Plane-tree (Fig. 50). 

44. Such large and conspicuous buds as those of 
the Horsecheslnut, Hickory, and the bke, are scafy ; 
the scales being a kind of imperfect leaves. The 
use of the bud-scales ia obvious ; namely, to protect 
the tender young parts beneath. To do this more 
efiectually, they arc often coated on the outside with 
a varnish which is imper\'iou3 to wet, while within 
they, or the parts they enclose, are thickly clothed 
with down or wool ; not really to keep out the cold 
of winter, which will of course penetrate the bud in 
time, but to shield the interior against sudden changes 
• from warm to cold, or from cold to warm, which are 
equally injurious. Scaly buds commonly belong, as would be expect- 
ed, to trees and shrubs of northern climates ; while naked buds are 
usual in tropical regions, as well as in herbs everywhere which 
branch during the summer's growth and do not endure the winter. 



45. But naked bud», or nearly naked, also occur in several of oui 
own trees and shrubs ; sometimes pretty large ones, as those of Hob- 



no. so. Bud ud Iwrof iha Buluinwood, « A 
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blebush (while those of the nearly-related Snowball or High Bush- 
Cranberry are scaly) ; but more commonly, when naked buds occur 
in trees and shrubs of our climate, they are small, and sunk in the 
bark, as in the Sumac ; or even partly buri^ in the wood until they 
begin to grow, as in the Honey-Locust 

46. Tlgor of Tegetation from Bods. Large and strong buds, like those 
of the Horsechestnut, Hickory, and the like, on inspection will be 
found to contain several leaves, or pairs of leaves, ready formed, 
folded and packed away in small compass, just as the seed-leaves 
are packed away in the seed : they even contain all the blossoms of 
the ensuing season, plainly visible as small buds. And the stems 
upon which these buds rest are filled with abundant nourishment, 
which was deposited the summer before in the wood or in the bark. 
Under the surface of the soil, or on it, covered with the fallen leaves 
of autumn, we may find similar strong buds of our perennial herbs, 
in great variety ; while beneath are thick roots, rootstocks, or tubers, 
charged with a great store of nourishment for their use. As we 
regard these, we shall readily perceive how it is that vegetation 
shoots forth so vigorously in the spring of the year, and clothes the 
bare and lately frozen surface of the soil, as well as the naked 
boughs of trees, almost at once with a covering of the freshest 
green, and often with brilliant blossoms. Everything was prepared, 
and even formed, beforehand : the short joints of stem in the bud 
have only to lengthen, and to separate the leaves from each other 
so that they may unfold and grow. Only a small part of the vege- 
tation of the season comes directly from the seed, and none of the 
earhest vernal vegetation. This is all from buds which have lived 
through the winter. 

47. This growth from buds, in manifold variety, is as interesting 
a subject of study as the growth of the plantlet from the seed, and 
is still easier to observe. We have only room here to sketch the 
general plan ; earnestly recommending the student to examine at- 
tentively their mode of growth in all the common trees and s^bs, 
when they shoot forth in spring. The growth of the terminal bud 
prolongs the stem or branch: the growth of axillary buds pro- 
duces branches. 

48. The Arrangement of Branches is accordingly the same as of 

axillary buds ; and the arrangement of these buds is the same as 
that of the leaves. Now leaves are arranged in two principal ways : 
they are either opposite or aUemate, Leaves are opposite when 
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there are two borne on the same joint of stem, as in the Horse- 
chestnut, Maple (Fig. 7), Honeysuckle (Fig. 132), Lilac, &c.; the 
two leaves in such cases being always opposite each other, that is, 
on exactly opposite si^es of the stem. Here of course the buds 
in their axils are opposite, as we observe in Fig. 48, where the 
leaves have fallen, but their place is shown by the scars. And the 
branches into which the buds grow are likewise opposite each other 
in pairs. 

49. Leaves are alternate when there is only one from each joint of 
stem, as in the Oak (Fig. 22), Lime-tree, Poplar, Button wood (Fig. 
50), Moming-Glory (Fig. 8), — not counting the seed-leaves, which of 
course are opposite, there being a pair of them ; also in Indian Com 
(Fig. 42), and Iris (Fig. 44). Consequently the axillary buds are 
also alternate, as in Hickory (Fig. 49) ; and the branches they 
form alternate, — making a different kind of spray from the other 
mode, — one branch shooting on the one side of the stem and the 
next on some other. For in the alternate arrangement no leaf is 
on the same side of the stem as the one next above or next 
below it. 

50. Branches, therefore, are arranged with symmetry ; and the 
mode of branching of the whole tree may be foretold by a glance at 
the arrangement of the leaves on the seedling or stem of the first 
year. This arrangement of the branches according to that of the 
leaves is always plainly to be recognized ; but the symmetry of 
branches is rarely complete. This is owing to several causes ; 
mainly to one, viz.: — 

51. It never happens that all the bud£ grow. If they did, there 
would be as many branches in any year as there were leaves the 
year before. And of those which do begin to grow, a large portion 
perish, sooner or later, for want of nourishment or for want of light. 
Those which first begin to grow have an advantage, which they are 
apt to keep, taking to themselves the nourishment of the stem, and 
staring the we^er buds. 

52. In the Horsechestnut (Fig. 48), Hickory (Fig. 49), Mag- 
nolia, and most other trees with large scaly buds, the terminal bud 
is the strongest, and has the advantage in growth, and next in 
strength are the upper axillary buds: while the former continues 
the shoot of the last year, some of the latter give rise to branches, 
while the rest fail to grow. In the Lilac also, the upper axillary 
buds are stronger than the lower; but the terminal bud rarely 
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appears at all ; in its place the uppermost pair of axillary buds grow, 
and so each stem branches every year into two ; making a re- 
peatedly two-forked ramification. 

53. In these and many similar trees and shrubs, most of the shoots 
make a definite annual growth. That is, each shoot of the season 
develops rapidly from a strong bud in spring, — a bud which gen- 
erally contains, already formed in miniature, all or a great part of the 
leaves and joints of stem it is to produce, — makes its whole growth 
in length in the course of a few weeks, or sometimes even in a few 
days, and then forms and ripens its buds for the next year's similar 
rapid growth. 

54. On the other hand, the Locust, Honey-Locust, Sumac, and, 
among smaller plants, the Rose and Raspberry, make an indefinite 
annual growth. That is, their stems grow on all summer long, 
until stopped by the frosts of autumn or some other cause ; con- 
sequently they form and ripen no terminal bud protected by scales, 
and the upper axillary buds are produced so late in the season 
that they have no time to mature, nor has the wood time to solidify 
and ripen. Such stems therefore commonly die at the top in winter, 
or at least all their upper buds are small and feeble ; and the growth 
of the succeeding year takes place mainly from the lower axillary 
buds, which are more mature. Most of our perennial herbs grow 
in this way, their stems tiying down to the ground every year : the 
part beneath, however, is charged with vigorous buds, well pro- 
tected by the kindly covering of earth, ready for the next year's 
vegetation. 

^o. In these last-mentioned cases there is, of course, no single 
main stem, continued year after year in a direct line, but the trunk 
is soon lost in the branches ; and when they grow into trees, these 
commonly have rounded or spreading tops. Of such trees with 
deliqiiescent stems, — that is, with the trunk dissolved, as it were, 
into the successively divided branches, the common American Elm 
(Fig. 54) furnishes a good illustration. «r 

56. On the other hand, the main stem of Pines and Spruces, as 
it begins in the seedling, unless destroyed by some injury, is carried 
on in a direct line throughout the whole growth of the tree, by the 
development year after year of a terminal bud : this forms a single, 
uninterrupted shaft, — an excurrent trunk, which can never be con- 
founded with the branches that proceed from it. Of such spiry or 
spire-shaped trees, the Firs or Spruces are the most perfect and 

S 
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familiar illustntUons (Fig. 54) ; but some other trees with etiong 
l«miinal buds exhibit the same character for a certain time, and 
in a less marked degree. 

57. Lalcnl Bods. Seme of the axillary buds grow the following 
year into branches ; but a larger number do not (51). Thesedonot 
necessarily die. Ofien they survive in a latent state for some years, 
Tinible on the surface of the branch, or are ematler and concealed 
under ihe bark, resting on the surface of the wood : and when at 
any time the other buds or branches happen to be killed, these older 
latent huda grow to supply their place ; — as is often Ecen when the 
foliage and young shoots of a tree are destroyed by insects. The 
new shoots seen springing directly out of large stems may sometimes 
originate from such latent buds, which have preserved their life tor 
years. But commonly these arise Irom 

58. AdTtnlUiout Bods. These are buds which certain shrubs and 
trees produce anywhere on the surface of the wood, especially where 
it has been injured. They give rife to the slender twigs which often 
feather so beautifully the sides of great branches or trunks of our 
American Elms. They sometimes form on the root, which naturally 
is destitute of buds ; and they are sure to appear on the trunks and 
roots of Willows, Poplars, and Chestnuts, when these are wounded 
or mutilated. Indeed O^ier-Willows are pollarded, or cut off, from 
time to time, by the cultivator, for the purpose of producing a crop of 
slender adventitious twigs, suitable for basket-work. Such brunches, 
being altogether irregular, of course interfere with the natural sym< 
metry of the tree (50). Another cause of irregularity, in certain 
trees and shrubs, is the formation of what are called 

&9. ActeUDrf or SnperDnmeriirjf Bads. ITiere are cases where two, 

three, or more buds spring from the 

axil of a leaf, instead of the single 

one which is ordinarily found there. 

Sometimes they are placed one over 

the other, as in the Aristolochia or 

Pipe- Vine, and in the Tartarian 

Honeysuckle (Fig. 51); also in the 

}i Honey-Locust, and in the Walnut and 

butternut (Fig. 52), where the upper supen-umerary bud is a good 

way out flf the axil ^4 ftbQve t)ie pthers. And this is here stronger 

FiU. 61. T«lmri>n Bonejnickle, with ttreo acuucn; lniil« in ana »»iL 
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than the others, and grows into a branch which is considerably out ot 
the axil, while the lower and smaller ones commonly do not grow at 

all. In other cases ttie three buds stand side by side* 
in the axil, as in the Hawthorn, and the Red Mapl^ 
(Fig. 53). II* these were all to grow into branches* 
they would stifle or jostle each other. But some 
of them are commonly flower-buds : in 
the Red Maple, only the middle one is 
a leaf-bud, and it does not grow until 
ader those on each side of it have ex- 
panded the blossoms they contain. 

60. Sorts of Bads. It may be useful 
to enumerate the kinds of buds which 
have now been mentioned, referring 
back to the paragraphs in which the pe- 
culiarities of each are explained. Buds, 
then, are either terminal or lateraL 
They are 

Terminal when they rest on the apex 
of a stem (42). The earliest terminal 
bud is the plumule of the embryo (16). 

Lateral^ when they appear on the 
side of a stem : — of which the only 
regular kind is the 
Axillary (43), namely, those which are situated in 
the axils of leaves. 

Accessory or Supernumerary (59), when two or more 
occur in addition to the ordinary axillar}'^ bud. 

Adventitious (58), when they occur out of the axils and without 
order, on stems or roots, or even on leaves. Any of these kind^ 
may be, either 

Naked^ when without coverings; or scaly^ when protected by 
scales (44, 45), 

Latent^ when they survive long without growing, and commonly 
without being visible externally (57). 

Leaf-buds, when they contain leaves, and develop into a leafy 
shoot. 

Flower-buds, when they contain blossoms, and no leaves, as the 
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FIG. 52. Butteraiit branch, with accessory buds, the uppermost above the axil. 
FIG. 53. R«d>Maple branch, witli accessory buds placed side by side. 
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eide-buds of the R«d-Maple, or when th.sy are undeveloped blossoms. 
These we shall have to consider hereafter. 

Figure 54 represents a spreHdinit-topped tree (American Elm), 
the stem ilividing otf into branches ; and some spiry trees (Spruces 
on the right hand, and two of the Ai-boc-Vita) ou the Id'tJ with ex- 
current (iienu. 



MORPHOLOGY (i.e. VARIOtI3 SORTS AND FORMS) OF ROOTS. 

61. MorpbOtoj^, as the name (derived from two Greek word;) 
denotes, is the doctrine of forms. In treating of forms in plants, the 
botanist is not confined to an enumeration or description of the 
shapes or sons that occur, — which would be a dull and tedious 
business. — but he endeavors to bring to view ike relations between 
oae form and another ; and this is an interesting study. 

62. Botanists give particular names to all the parts of plants, and 
also particular terms to express their principal varieties in form. 
They use these terms with great precision and advantage in describ- 
ing the species or kinds of plants. They must therefore be defined 
And explained in our books. But it would be a gieat waste of tlnw 
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for the young student to learn them by rote. The student should 
rather consider the connection between one fomi and anotlier; and 
notice how the one simple plan of the plant, as it has already been 
illustrated, is worked out in the greatest variety of ways, through the 
manifold diversity of forms which each of its three organs of vege- 
tation — root, stem, and leaf — is made to assume. 

63. This wc are now ready to do. That is, having obtained a 
g neral idea of vegetation, by tracing the plant from the seed and 
the bud into the herb, shrub, or tree, we proceed to contemplate the 
principal forms under which these three organs occur in different 
plants, or in different parts of the same plant ; or, in other words, to 
study the morphology of the root, stem, and leaves. • 

64. Of these three organs, the root is the simplest and the least 
varied in its modifications. Still it exhibits some widely different 
kinds. Going back to the beginning, we commence with 

65. The simple Primary Root, which most plants send down from 
the root-end of the embryo as it grows from the seed ; as we hav« 
seen in the Maple (Fig 5-7), Morning-Glory (Fig. 8 and 28), 
Beech (Fig. 14, 15), Oak and Buckeye (Fig. 22-24), &c. This, 
if it goes on to grow, makes a main or tap root, from which fflde- 
branches here and there proceed. Some plants keep this mair root 
throughout their whole life, and send off only small side bra' /hes ; 
as in the Carrot (Fig. 58) and Radish (Fig. 59) : and in some trees, 
like the Oak, it takes the lead of the side-branches for many years, 
unless accidentally injured, as a strong tap-root But coibmonly 
the main root divides off very soon, and is lost in the branches. 
We have already seen, also, that there may be at the beginning 

66. Holtiple Primary Roots. We have noticed them in the Pump- 
kin (Fig. 10), in the Pea (Fig. 20), and in Indian Corn (Fig. 42). 
That is, several roots have started all at once, or nearly so, from the 
seedling stem, and formed a bundle or cluster (a fascicled root, as 
it is called), in place of one main root. The Bean, as we observe 
in Fig. 18, begins with a main root , but some of its branches soon 
overtake it, and a cluster of ix)ots is formed. 

67. Absorption of Moisture by Roots. The branches of roots as they 
grow commonly branch again and again, into smaller roots or rootlets ; 
in this way very much increasing the surface by which the plant 
connects itself with the earth, and absorbs moisture fix)m it. The 
whole surface of the root absorbs, so long as it is fresh and new ; 
and the newer the roots and rootlets are, the more freely do they 

8* 
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imbibe. Accordingly, as long as the plant grows above ground, and 
cxpttiidd fresh foliixge, from which rooislure much ol' the time Iwrgely 
eacapea into the iiir, so long it coiilinues to extend and multiply its 
roots in the soil beneath, renewing and increasing the fresh surface 
lor absorbing moisture, in pro])ortion to the demand from above. 
And when growth ceases above ground, and the leaves die and fall, 
or no lunger act, then the roots generally stop growing, and their 
M>ft and tender tips harden. From this period, therefore, until 
growth begins anew the next spring, is the best time for transplant- 
ing; especially for trees and shrubs, and herbs so large that ihey 
cannot well be removed without injuring the roots very mnch. 

68. ffe see, on considering a moment, that an herb or a tree 
consists of two great surfaces, with a narrow part or trunk between 
them, — one surface spread out in the air, and the other in the soil. 
These two surfaces bear h certain proportion to each other ; and the 
upper draws largely on the lower for 
moisture. Now, when the leaves fall 
from the tree in autumn, the vast sur- 
face exposed to the air is reduced to a 
very small part of what it was before; 
and the remainder, being covered with 
a firm bark, cannot lose much by evap- 
oration. In common herbs the whole 
surface above ground perishes in au- 
tumn ; and many of the rootlets die at 
the same time, or soon afterwards. 
So that the living vegetable is reduced 
for the time to the smallest compass, 
' — to the thousandth or hundred-thou- 

sandth part of what it was shortly 
before, — and what remains alive rests 
in a dormant slate, and may now be 
transplanted without much danger of 
harm. If any should doubt whether 
there is so great a difference between 
the summer and the winter size of 
" plants, let them compare a lily-bulb 

with the full-grown Lily, or calculate the surface of foliage which 

liBj Ilie Fool-litin. 56. A bil 1^ Ite 
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, as compared with the sur&ce of ita 



a tree expo^s to the i 

69. The absorbing surface of roots is very much greater 
it appears to be, on account of the root-hairs, 
or slender fibrils, which abound on the fresh and 
new parts of roots. These may be seen with 
an ordinaiy magnify ing-glass, or even by the j 
naked eye in many cases ; as in the root of a 
seedling Maple (Fig. 55), wliere the surfiice is 
thickly clothed with thero. They are not root- 
lets of a smaller sort ; but, when more magnified, 
are seen to be mere elongations of the surface 
of the root into slender tubes, which through 
their very delicate walls imbibe moisture from 
the soil with great avidity. They are com- 
monly much longer than those shown in Fig, 
56, which represents only the vety tip of a root 
moderately magnified. Small as they are indi- 
vidually, yet the whole amount of absorbing 
surface added to the rooileta by the countless 
numbers of these tiny tubes is very great. 

70. Roots intend- 
ed mainly for ab- 
sorbing branch free- 
ly, and are slender 
or thread-like. When the root is prin- 
cipally of this character it is said to he 
fbrous ; as in Indian Cora (Fig. 42), 
and other grain, and to some extent in 
all annual plants (41). 

71. Tht Root as a Storehonic of Fond. 
In biennial and many perennial herbs 
(41), the root answers an additional 
purpose. In the course of the season it 
becomes a storehouse of nourishment, 
and enlarges or thickens as it receives 

jg the accumulitlion. Such roots are said 

to be ftahy; and different names are applied to them according to 
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their Ehapeii. We laay divide liiem all into two kinds ; Ist, ibose 
coiisiistiiig of one main iixil, mid 'M, liwae without nny main root. 
72. Tlie first are mei-elj- different ebajjes of the lap-root ; which is 
Conical, when it thickens most at the crown, or where it joins 
tlie Etem, and tapers reguhirly downwards to a point, aa in the 
Common Beet, liie Paninip, and Carrot (Fig. 08) : 

Tumip-shaped or napi/orm, when greatly thickened above ; but 
abruptly becoming slender below ; as ihe Turnip (Fig. 57) : and, 

Spindk-thaped, or fusiform, when thickest in the middle and 
tapering lo both tinds ; as the common Radish (Fig. 59). 

73. In the second kind, where there 
is no main root, the store of nourishing 
matter may be distributed throughout 
the branches or cluster of roots gener- 
ally, or it may be accumulated in some 
of them, as we see in the tuberoui roots 
of the Sweet Poialo, Ihe common Peony, 
and the Dnhliu (Fig. 60). 

7^1. All but the last of these illustra- 
Iralions are taken from biennial plants. 
These grow with a large tuft of leaves 
next the ground, and accumulate nour- 
ishment all the first rtummer, and store 
up all they produce beyond what is 
wanted at the .time in their great root, 
» which lives over the winter. We know 

very well what use man and other animals make of this store of food, 
in the form of starch, sugar, jelly, and the like. From the second 
year's growth we may learn what use tlie plant itself makes of it 
The new shoots then feed upon it, and use it lo form with great 
rapidity branches, flower-stalks, blossoms, fruit, and seed ; and, having 
used it up, the whole plant dies when the seeds have ripened. 

75. In the same way tlie nourishment contained in the separate 
tuberous roots of the Sweet Potato and the Dahlia (Fig 60) is fed 
upon in the spring by the buds of the stem they belong to ; and 
as they are emptied of their contents, ihey likewise die' and decay. 
But meanwhile similar stores of nourishment, produced by the second 
year's vegetation, are deposited in new roots, which live through the 

FIG. 60. C'luileied lubeicxu luou i>r Ills Dililll, with Ih* bolton of ilia ileDI Ui^ 
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next winter, and sustain the third spring's growth, and so on ; — 
these plants being perennicU (41), or lasting year after year, though 
each particular root lives little more than one year. 

76. Many things which commonly pass for roots are not really 
roots at all. G)mmon potatoes are tuberous parts of stems, while 
sweet potatoes are roots, like those .of the Dahlia (Fig. 60). The dif- 
ference between them will more plainly appear in the next Lesson. 

77. Secondary Roots* So far we have considered only the original 
or primar}" root, — that which proceeded from the lower end of the 
first joint of stem in the plantlet springing from the seed, — and its 
subdivisions. We may now remark, that any other part of the stem 
will produce roots just as well, whenever favorably situated for it ; 
that is, when covered by the soil, which provides the darkness and 
the moisture which is congenial to them. For these secondary iioots, 
as they may be called, partake of the ordinary disposition of the 
organ : they avoid the light, and seek to bury themselves in the 
ground. In Indian Com we see roots early striking from the second 
and the succeeding joints of stem under ground, more abundantly 
than from the first joint (Fig. 42). And all stems that keep up a 
connection with the soil — such as those which creep along on or 
beneath its surface — are sure to strike root from almost every joint. 
So will most branches when bent to the ground, and covered with 
the soil : and even cuttings from the branches of most plants car be 
made to do so, if properly managed. Propagation by buds depends 
upon this. That is, a piece bf a plant which has stem and leaves, 
either developed or in the bud, may be made to produce roots, and 
so become an independent plant. 

78. In many plants the disposition to strike root is so strong, that 
they even will spring from the stem above ground. In Indian Com, 
for example, it is well known that roots grow, not only from all those 
joints round which the earth is heaped in hoeing, but also from those 
several inches above the soil : and other plants produce them from 
stems or branches high in the air. Such roots are called 

79. Aerial Roote. All the most striking examples of these are met 
with, as we might expect, in warmer and damper climates than ours, 
and especially in deep forests which shut out much of the light ; this 
being unfavorable to roots. The Mangrove of ti-opical shores, which 
occurs on our own sou them borders ; the Sugar Cane, from which 
roots strike just as in Indian Com, only from higher up the stem ; 
the Pandauus, called Screw Pine (not from its resemblance to a 

S&F— S 
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Pine-tree, but because it is like a Pine-apple plant) ; and the famous 
Banyan of India, and some other Fig-trees, furnish the most remark- 
able examples of roots, which strike from the stem or the branches 
in the open air, and at length reach the ground, and bury them- 
selves, when they act in the same maimer as ordinary roots. 

80. Some of our own common plants, however, produce small 
aerial rootlets ; not for absorbing nourishment, but for climbing. By 
these rootlets, that shoot out abundantly from the side of the stems 
and branches, the Trumpet Creeper, the Ivy of Europe, and our 
Poison Rhus, — here called Poison Ivy, — fasten themselves firmly 
to walls, or the trunks of trees, often ascending to a great height. 
Here roots serve the same purpose that tendrils do in the Grape- 
Vine and Virginia Creeper. Another form, and the most aerial of 
all roots, since they never reach the ground, are those of 

81. Epiphytes, or Ai^PlantS. These are called by the first name 
(which means growing on plants), because they are generally found 
upon the trunks and branches of trees ; — not that they draw any 
nourishment from them, for their roots merely adhere to the bark, 
and they flourish just as well upon dead wood or any other con- 
venient support. They are called air-plants because they really 
live altogether upon what they get from the air, as they have no 
connection with the soil. Hundreds of air-plants grow all around 
us without attracting any attention, because they are small or hum- 
ble. Such are the Lichens and Mosses that abound on the trunks 
or boughs of trees, especially on the shaded side, and on old walls, 
fences, or rocks, from which they obtain no nourishment. But this 
name is commonly applied only to the larger, flower-bearing plants 
which live in this way. These belong to warm and damp parts of 
the world, where there is always plenty of moisture in the air. The 
greater part belong to the Orchis family and to the Pine- Apple 
family ; and among them are some of the handsomest flowers known. 
We have two or three flowering air-plants in the Southern States, 
though they are not showy ones. One of them is an Epidendrura 
growing on the boughs of the Great-flowered Magnolia : another is 
the Long-Mo!i»s, or Black Moss, so called, — although it is no Moss 
at all, — which hangs from the branches of Oaks and Pines in all 
the warm parts of the Southern States. (Fig 61 represents both 
of these. The upper is the Epidendrum conopseum ; the lower, the 
Black Moss, Tillandsia usneoides.) 

82. Parage Plants exhibit roots under yet another remarkable 
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aspect. For these are not merely fixed upon other plants, as a\r- 
plnnts are, but strike their roots, or wliut answer to roots, into them, 
and feed on their Juices. Not aniy Moulds and Blights (which are 
plants of very low organization) Iiv« in this predacious way, but 
many flowering herbs, and even shrubs. One of the latter is the 
Mistletoe, the seed of which germinates on the bough of the tree 
where it falls or is lel\ by birds; and the forming root penetrates the 
bark and engrafls itself into the wood, to which it becomes united as 
firmly as a natural branch to its parent stem ; and indeed the parasile 
lives just as if it were a branch of the tree it grows and feeds on, 
A most common parasitic herb is the Dodder; which abounds in 
low grounds everywhere in summer, and coils its long and slender 
leafless, yellowish stems — resembling tangled threads of yam — 
round and round the stalks of other plants ; wherever they touch 
piercing the bark with minute and very short rootlets in the form of 
■uckers, which draw out the nourishing juices of the plants laid hold 
of. Other parasitic plants, like the Beech-drops and Pine-sap, ^ten 
their roots under ground upon the roots of neighboring plants, and 
rob them of their rich juices. 
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LESSON VI. 

MORPHOLOGY OF STEMS AND BRANCHES. 

83. The growth of the stem in length, and the formation of 
branches, have been considered already. Their growth in thick- 
ness we may study to more advantage in a later Lesson. The very 
various forms which they assume will now occupy our attention, — 
beginning with 

84. The Forms of Stems and Branches above ground. The principal 

differences as regards size and duration have been mentioned before 
(41); namely, the obvious distinction of plants into herbs, shrube, 
and trees, which depends upon the duration and size of the stem. 
The stem is accordingly 

HerhaceoiLSj when it dies down to the ground every year, or after 
blossoming. 

Suffrutescenty when the bottom of the stem above the soil is a 
little woody, and inclined to live from year to year. 

Suffruticose, when low stems are decidedly woody below, but 
herbaceous above. 

Fntticose, or shrubby^ when woody, living from year to year, and 
of considerable size, — not, however, more than three or four times 
the height of a man. 

Arborescent, when ti*ee-like in appearance, or approaching a tree 
in size. 

Arboreous, when forming a proper tree trunk. 

85. When the stem or branches rise above ground and are ap- 
parent to view, the plant is said to be caulescent (that is, to have a 
caulis or true stem). When there is no evident stem above ground, 
but only leaves or leaf-stalks and flower-stalks, the plant is said to 
be acaulescent, i.e. stemless, as in the Crocus, Bloodroot, common 
Violets, &c, and in the Beet, Carrot, and Radish (Fig. 69), for the 
first season. There is a stem, however, in all such cases, only it 
remains on or beneath the gromid, and is sometimes very short. 
Of cour^^e leaves an J flowers do not arise from the root These 
concealed sorts of stem we will presently study. 

86. The direction taken by stems, &c., or their mode of growth, 
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gives rise to several terms, which may be briefly mentioned : — 
Buch as 

Diffuse^ when loosely spreading in all directions. 

Declined, when turned or bending over to one side. 

Decumbent, reclining on the ground, as if too weak to stand* 

Assurgent or ascending, when rising obliquely upwards. 

Procumbent or prostrate, lying flat on the gix>und from the first. 

Creeping, or repent, when prostrate stems on or just beneath the 
ground strike root as they grow ; as does the White Clover, the 
little Partridge-berry, &c. 

Climbing, or scandent, when stems rise by clinging to other ob- 
jects for support, — whether by tendrils, as do the Pea, Grape- 
Vine, and Virginia Creeper (Fig. 62) ; by their twisting leaf-stalks, 
as the Virgin's Bower ; or by rootlets, like the Ivy, Poison Ivy, and 
Trumpet Creeper (80). 

Twining, or voluble, when stems rise by coiling themselves spirally 
around other stems or supports ; like the Morning-Glory and the Bean. 

87. Certain forms of stems have received distinct names. The 
jointed stem of Grasses and Sedges is called by botanists a culm / 
and the peculiar scaly trunk of Palms and the like (Fig 47) is 
sometimes called a caudex. A few forms of branches the gardener 
distinguishes by particular names ; and they are interesting from 
their serving for the natural propagation of plants from buds, and 
for suggesting ways by which we artificially multiply plants that 
would not propagate themselves without the gardener's aid. These 
are suckers, offsets, stolons, and runners. 

88. Suckers are ascending branches rising from stems under ground, 
such as are produced so abundantly by the Rose, Raspberry, and 
other plants said to multiply " by the root." If we uncover them, 
we see at once the great difference between these subterranean 
branches and real roots. They are only creeping branches under 
ground. Remarking how the upright shoots from these branches 
become separate plants, simply by the dying off of the connecting 
under-ground stems, the gardener expedites the result by cutting 
them through with his spade. That is, he propagates the plant ** by 
division." 

89. Stolons are trailing or reclining branches above ground, which 
strike root where they touch the soil, and then send up a vigorous 
shoot, which has roots of its own, and becomes an independent plant 
when the connecting part dies, as it does after a while. The Currant 

4 
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and the Goosebeny naturail}' multiply in this way, as well as by 
Btlvkers (which we see ate just ihe Bttme ihing, only the connecting 
part is concealed under ground). They must have suggested the 
operation of layering, or bending down and covering with earth 
branches which do not naturally make stolons ; and after ibey have 
taken root, as they almost always will, the gardener cuts ilirough 
the connecting stem, and so converts a rooting branch into a sepa- 
rate plant. 

90. Otfstb, like those of the Houseleek, are only short stolons, 
with a crown of leaves at the end. 

91. RDDDcn, of which the Strawberry presents the most familiar 
example, are a long and slender, tendril-like, leafless form of creep- 
ing branches. Each runner, afler having grown to its full length, 
strikes root from Ihe tip, and fixes it to the ground, then forms a bud 
there, which develops into a tutY of leaves, and so gives rise to a new 
plant, which sends out new runners to act in the ^ame way. In this 
manner a single Strawberry plant will spread over a large space, or 
produce a great number of plants, in Ihe course of the summer ; — ail 
connected at first by the slender runners, but these die in the 
following winter, if not before, and leave the plants as so many 
separate individuals. 

92. THldriln are branches of a very slender sort, like runners, not 
tUstined like them for propagation, and therefore always destituta 



of buds or leaves, hut intended for climbing. Those of the Grape- 
Vine, of the Virginia Creeper (Fig. 62), and of the Cucumber and 

FIG. la. FiecB of llie sIBin of Virjinis creciwr, boaring s lent and i lendrll. 63. 1'ipa 
of m laodril, »boul Ul* natural lize, ilunviiit Ule diaki hjr wblch titey tiold (ut to wtlit, tat. 
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Squash tribe are familiar illustrations. The tendril commonly grows 
straight and outstretched until it reaches some neighboring support^ 
such as a stem, when its apex hooks around it to secure a hold | 
then the whole tendril shortens itself by coiling up spirally, and su 
draws the shoot of the growing plant nearer to the supporting object. 
When the Virginia Creeper climbs the side of a building or the 
smooth bark of a tree, which the tendrils cannot lay hold of in the 
usual way, their tips expand into a flat disk or sucker (Fig. 62, 63), 
which adheres very firmly to the wall or bark, enabling the plant to 
climb over and cover such a surface, as readily as the Ivy does by 
means of its sucker-like little rootlets. The same result is effected 
by different organs, in the one case by branches in the form of ten- 
drils ; in the other, by roots. 

93. Tendrils, however, are not always branches ; some are leaves, 
or parts of leaves, as those of the Pea (Fig. 20). Their nature in 
each case is to be learned from their position, whether it be that of 
a leaf or of a branch. In the same way 

94. Spines or Thorns sometimes represent leaves, as in the Bar- 
berry, where their nature is shown by their situation outside of an 
axillary bud or branch. In other words, here they have a bud in 
their axil, and are therefore leaves; so we shall have to mention 
them in another place. Most commonly spines are stunted and 
hardened branches, arising from the axils of leaves, as in the Haw- 
thorn and Pear. A neglected Pear-tree or Plum-tree shows every 
gradation between ordinary branches and thorns. Thorns sometimes 
branch, their branches partaking of the same spiny character: in 
this way those on the trunks of Honey-Locust trees (produced from 
adventitious buds, 58) become exceedingly complicated and horrid. 
The thorns on young shoots of the Honey- Locust may appear some- 
what puzzling at first view; for they are situated some distance 
above the axil of the leaf. Here the thorn comes from the upper- 
most of several supernumerary buds (59). Prickles, such as those 
of the Rose and Blackberry, must not be confounded with thorns : 
these have not the nature of branches, and have no connection with 
the wood ; but are only growths of the bark. When we strip off 
the bark, the prickles go with it 

95. Still stranger forms of stems and branches than any of these 
are met with in some tribes of plants, such as Cactuses (Fig. 76). 
These will be more readily understood after we have considered 
some of the commoner forms of 
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96. Sobterranean Stems and Branrhes. These are very numerous 

and various ; but they are commonly overlooked, or else confounded 
with roots. From their situation they are out of the sight of* the 
superficial observer : but if sought for and examined, they will well 
repay the student's attention. For the vegetation that is carried on 
under ground is hardly less varied, and no less interesting and im- 
portant, than that which meets our view above ground. All their 
forms may be referred to four principal kinds ; namely, the Rhizo- 
ma or Eootstock, the Tuber, the Conw, and the Bulb. 

97. The Roototoek, or Rhizoma, in its simplest form, is merely a 
creeping stem or branch (86) growing beneath the surface of the 
soil, or partly covered by it. Of this kind are the so-called creeping^ 
running, or scaly roots, such as those by which the Mint (Fig. 64), 
the Scotch Bose, the Couch-grass or Quick-grass, and many other 
plant<s spread so rapidly and widely, " by the root," as it is said. 




64 

That these are really stems, and not roots, is evident from the way 
in which they grow ; from their consisting of a succession of joints ; 
and from the leaves which they bear on each joint (or node, as 
the botanist calls the place from which leaves arise), in the form of 
small scales, just like the lowest ones on the upright stent next the 
ground. Like other stems, they also produce buds in the axils of 
these scales, showing the scales to be leaves ; whereas real roots 
bear neither leaves nor axillary buds. Placed, as they are, in the 
damp and dark soil, such stems naturally produce roots, just as the 
creeping stem does where it lies on the surface of the ground ; but 
the whole appearance of these roots, their downward growth, and 
their mode of branching, are very different from that of the subter- 
ranean stem they spring from. 

98. It is easy to see why plants with these running rootstocks take 
such rapid and wide possession of the soil, — often becoming great 
pests to farmers, — and why they are so hard to get rid of. They are 

FIG. 64. Rootstocks, or creeping subterraneaii branches, of the Peppermint. 
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always perennials (41) ; the subterranean shoots live over the first, 
winter, if not longer, and are provided with vigorous buds at every 
joint. Some of these buds grow in spring into upright stems, bearing 
foliage, to elaborate the plant's crude food into nourishment, and at 
length produce blossoms for reproduction by seed ; while many oth- 
ers, fed by nourishment supplied from above, form a new generation 
of subterranean shoots ; and this is repeated over and over in the 
course of the season or in succeeding years. Meanwhile as the sub- 
terranean shoots increase in number, the older ones, connecting the 
series of generations into one body, die off year by year, liberating 
the already rooted side-branches as so many separate plants ; and 
so on indefinitely. Cutting these running rootstocks into pieces, 
therefore, by the hoe or the plough, far from destroying the plant, 
only accelerates the propagation ; it converts one many-branched 
plant into a great number of separate individuals. Even if you 
divide the shoots into as many pieces as there are joints of stem, 
each piece (Fig. 65) is already a plantlet, with its roots and with a 
bud in the axil of its scale-like leaf (either latent or apparent), and 
having prepared nourishment enough in the bit of 
stem to develop this bud into a leafy stem ; and so 
a single plant is all the more speedily converted 
into a multitude. Such plants as the Quick- 
grass accordingly realize the fable of the Hy- 
dra ; as fast as one' of its many branches is cut eg 
off, twice as many, or more, spring up in its stead. Whereas, when 
the subterranean parts are only roots, cutting away the stem com^ 
pletely destroys the plant, except in the rather rare cases where the 
root produces adventitious buds (o8). 

99. The more nourishment rootstocks contain, the more readily do 
separate portions, furnished i^dth buds, become independent plants. 
Jt is to such underground stems, thickened with a large amount of 
starch, or some similar nourishing matter stored up in their tissue, 
that the name o^ rhizoma or rootstock is commonly applied ; — such, 
for example, as those of the Sweet Flag or Calamus, of Ginger, of Iris 
or Flower-de-luce (Fig. 133), and of the Solomon's Seal (Fig. G6). 

100. The rootstocks of the common sorts of Iris of the gardens 
usually lie on the surface of the ground, partly uncovered; and 
they bear real leaves (Fig. 133), which closely overlap each other; 

FIG. G5. A piece of the running rootstock of tI:.o Peppermint, with its node or joint, and 
an axillary bud ready to grow. 

A* 
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the joinCa (L e. the inlemodet, or spaces between each lear) being 
very short. As the leaves die, year by year, and decay, a scar 
lefV in the form of a ring marks the place where each leaf was 
attached. Instead of leaves, roolstocks buried under ground com- 
monly bear scales, like those of the Mint (Fig. 64), which are im- 
perfect leaves. 



101. Some rootslocks are marked with large round scars of a 
different sort, like those of the Solomon's Seal (Fig. 66), which gave 
this name to the plant, from their looking something like the impres- 
sion of a seal upon wax. Here the rootslock sends up every spring 
an herbaceous staJk or stem, which bears the foliage and flowers, 
and dies in autumn ; and the teal is the circular scar left by the 
death and separation of the dead slalk from the living rootstock. 
As but one of these is formed each year, they mark the limits of a 
year's growth. The bud at the end of the rootstock in the figure, 
which was taken in summer, will grow the next spring into the stalk 
of the season, which, dying in autumn, will leave a similar scar, while 
another bud will be formed farther on, crowning the ever-advancing 
summit or growing end of the stem. 

102. As each year's growth of stem, in all 
these cases, makes its own roots, it soon becomes 
independent of the older parts. And afler a 
certfun age, a portion dies off behind, every 
year, about as fast as it increases at the grow- 
ing end; — death following life with equal and 
certain step, with only a narrow interval be- 
tween. In vigorous plants of Solomon's Seal 
or Iris, the living rootstock is several inches or 
a toot in length ; while in the short rootslock of 

PIG. fiS. RoolBldrkofSolnmon'iaeiil, wilb (he IxMIom ofttH aliilk orihaiwison. ind lb* 
Ind Tm the neil yeal'g frowlh. 
PIbi. 61- Tlia veiy itaoit nioutaek ud bud of m TrilUum ot BiiytacM. 
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Trillium or Birthroot (Fig. 67) life is reduced to a Ter7 narrow 
span, only an incb or less intervening between death beneath and 
^oung life in the strong bud annually renewed at the Eummit. 

103. A Tuber is a thickened portion of a rootstock. When slender 
subterranean branches, like iiiox of the Quick-grass or Mint (Fig. 
64), become enlarged at the gi-owing end by the accumulation there 
of an abundance of solid nourishing matter, tubers are produced, like 
those of the Nul^ass of the Southern Stales (which accordingly be- 
comes a greater pest even than the Quidc-grass), and of the Jerusalem 
Artichoke, and the Potato. The whole formation may be seen at a 
glance in Figure 68, which represents the subterranean growth of a 
Potato-plant, and shows the tubers in all their stages, from shoots 
just beginning lo eiilarge at the tip, up to fully-formed potatoes. 
And Fig. e9, — one of the forming tubers moderately magnilicd, — 
plainly shows the leaves of this thickening siioot, in the form of little 
scales. It is under these scales that the eyet appear (Fig. 70) : 
«nd these are evidently axillary buds (43). 



104, Let us glance for a moment at the economy or mode of life 
of the Potato-plant, and similar vegetables, as shown in the mor- 
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phology of the branches, — that is, in the different forms they appear 
under, and the purposes they serve. The Potato-plant has three 
principal forms of branches : — 1 . Those that bear ordinary leaves, 
expanded in the air, to digest what they gather from it and what 
the roots gather from the soil, and convert it into nourishment 
2. After a while a second set of branches at the summit of the 
plant bear flowers, which form fruit and seed out of a portion of the 
nourishment which the leaves have prepared. 3. But a larger part 
of this nourishment, while in a liquid state, is carried down the stem, 
into a third sort of branches under ground, and accumulated in the 
form of starch at their extremities, which become tubers, or deposi- 
tories of prepared solid food; — just as in the Turnip, Carro , 
Dahlia, &c. (Fig. 57 - 60), it is deposited in the root The use 
of the store of food is obvious enough. In the autumn the whole 
plant dies, except the seeds (if it formed them) and the tubers ; and 
the latter are left disconnected in the ground. Just as that small 
portion of nourishing matter which is deposited in the seed (3, and 
Fig. 34) feeds the embryo when it germinates, so the much larger 
portion deposited in the tuber nourishes its buds, or eyes, when they 
likewise grow, the next spring, into new plants. And the great 
supply enables them to shoot with a greater vigor at the beginning, 
and to produce a greater amount of vegetation than the seedling 
plant could do in the same space of time ; which vegetation in turn 
may prepare and store up, in the course of a few weeks or months, 
the largest quantity of solid nourishing material, in a form most 
available for food. Taking advantage of this, man has transported 
the Potato from the cool Andes of South America to other cool cli- 
mates, and makes it yield him a copious supply of food, especially in 
countries where the season is too short, or the summer's heat too 
little, for profitably cultivating the principal grain-plants. 

105. All the sorts of subterranean stems or branches distinguished . 
by botanists pass into one another by gradations. We have seen 
how nearly related the tuber is to the rootstock, and there are many 
cases in which it is difficult to say which is the proper name to use. 
So likewise, 

106. Th: Corm, or Solid Balb, like that of the Indian Turnip and 
the Crocus (Fig. 71), is just a very short and thick rootstock ; as 
will be seen by comparing Fig. 71 with Fig. 67. Indeed, it grows 
go very little in length, that it is often much broader than long, as 
in the Indian Turnip, and the Cyclamen of our greenhouses. Corms 
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are usually upright, producing buds on their upper eurfece and 

roots from the lower. But (as we see in the Ci-ocua here jigured) 

buda may shoot from just above any of ilie faint cross lines or 

rings, which are the ecars left by the death " 

and decay of the slieaihing bast« of fbimer 

leaves. That is, these are axillary bud^. In 

these extraordinary (ju^t as in ordinary) slems, i 

the buds are either axillary or terminal. The 

whole mode of growth is jusl the same, only 

the conn does not increase in lengih faster 

than it does in thickness. After a few years 

some of the buds grow inio new cornis at the 

expense of the old one ; the young ones taking 

the nourishment from the parent, and storing 

up a large part of it in their own tissue. 

When exhausted in this way, a^ well as by 

flowering, the old corm dies, and its shrivelled 

and decaying remains may be found at the side of or beneath the 

pi-csent generation, as we see in the Crocus (Fg 71) 

107. The eorm of a Crocus is commonly covered with a thin and 
dry, scaly or fibrous husk, consisting of ihe dead remains of the bases 
of former leaves. Wlien this husk consists of many sctdes, there is 
scarcely any distinction left between the corm and 

108. The Bnlb. This is an extremely short subterranean stem, 
usually much broader than high, producing roots from underneath, 
and covered with leaves or the bases of leaves, in the form of thick- 
ened scales. It is, therefore, the same as a corm, or solid bulb, only 
it bears an abundance of leaves or scales, which make up the greater 
part of its bulk. Or we may regard it as a bud, with thick and 
fleshy scales. Compai« a Lily-bulb (Fig, 73) with the strong scaly 
buds of the Hickory and Horsechestnut (Fig. 48 and 40), and the 
resemblance will be apparent enough. 

109. Bulbs serve the same purpose as tubers, rootstocks, or corms. 
The main dilTrrence is, that in these the store of food for future 
growth is deposited in the stem ; while in the bulb, the greater part 
is deposited in the bases of the leaves, changing them into thick 
scale"!, which elosely overlap or enclose one another, because the 
stem does not elongate enough to separate them. That the scales 

Fla. TL Cgllu ot ■DliJ bulb ur ■ Uiuiia. 73. TJw laiii*, cut llunifli lancUiviH. 
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of the bulb are the bases of leaves may be seen at once by follow- 
ing any of the ground-leaves (root-learea as they are incorr«clly 
called) down to their 
origin in the bulb. 
Fig. 75 represents 
one of them from 
the White Lily ; the 
thickened base, which 
makes a scale, being 
cut off below, to show 
its thickness. After 
73 H having lasted its time 

and served its purpoi*e as foliage, the green leaf dies, dow'n to the 
thickened base, wliich remains as a scale of the bulb. And year 
after year, as the bulb grows from the centre, to produce the vege- 
tation and the flowers of the teuson, the outer scales yield up their 
store of nourishment for the purpose, and perish. 

110. Each scale, being a leaf, may have a bud m its axiL Some 
of these buds grow into leafy and flowering stems 

above ground : others grow into new bulbs, feeding 
on the parent, and at length destroying it, in the same 
way that corms do, as just described (106). 

111. When the scales are broad and enwrap all 
that is within so as to form a succession of coats, one 
over another, the bulb is said to be tunicated or coated. 
The Tulip, .Hyacinth, Leek, and Onion afford such 
familiar examples of coated bulbs that no flgure is 
needed. When the scales are narrow and separate, 
as in the Lily (Fig. 73), the bulb is said to be scaly. 

112. Bnlbletl are small bulbs formed above ground 
on some pknts ; as in the axils of the leaves of the 
common bulbiferous Lily of the gardens, and often in 
the flower-clust<TS of the Leek and Onion. They are 
plainly nothing but bulbs with thickened scales. They 
never grow into branches, but detach themselves when » 

full grown, and fall to the ground, to lake root there and form 
new plants. 

113. From the few illustrations already given, attentive students 

FIG. T3. Rulb uflhs Mendnw or Canada Lily. 
FIG. T9l a lower leaf at WLile Lily, uilb ila 
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can hardly fail to obtain a good idea of what is meant bj morphology 
in Botany ; and they will be able to apply its simple principles for 
themselves to all forms of vegetation. They will find it very inter- 
esting to identify all these various subterranean forms with the com- 
mon plan of vegetation above ground. There is the same structure, 
and the same mode of growth in reality, however different in ap- 
pearance, and however changed the form, to suit particular conditions, 
or to accomplish particular ends. It is plain to see, already, that 
the plant is constructed cuxording to a plauj — a very simple one, — 
which is exhibited by all vegetables, by the extraordinary no less 
than by the ordinary kinds ; and that the same organ may appear 
under a great many different shape"*, and fulfil very different offices. 
114. These extraordinary shapes are not confined to subterra- 
nean vegetation. They are all repeated in various sorts of JU$hf 
plants ; in the Ilouseleek, Aloe, Agave (Fig. 82), and in the mai^ 
and strange shapes which the Cactus family exhibit (Fig. 76^ ^ 
shapes which imitate rootstocks, tubers, corms, ^cc above ground. 
All these we may regard as 

115. Consolidated Forms of Vegetation. While ordinary planu ^ . 

constructed on the plan of great spread of surface (131), these 
are formed on the plan of the least possible amount of surface i%, 
proportion to their bulk. The Cereus genus of Cactuses, for ex- 
ample, consisting of solid columnar trunks (Fig. 76, h), may be 
likened to rootstocks. A green rind serves the purpose of foliage* , 
but the surface is as nothing compared with an ordinary leafy plant 
of the same bulk. Compare, for instance, the largest Cactus known, 
the Giant Cereus of the Gila River (Fig. 76, in the background), 
which rises to the height of fifly or sixty feet, with a common leafy 
tree of the same height, such as that in Fig. 54, and estimate how 
vastly greater, even without the foliage, the surface of the larter 
is than that of the former. Compare, in the same view, an Opwiti^ 
or Prickly-Pear Cactus, its stem and branches formed of a succes- 
sion of thick and flattened joints (Fig. 76, a), which may be likened 
to tubers, or an Epiphyllum (rf), with shorter and flatter joints, with 
an ordinary leafy shrub or herb of equal size. And finally, in 
Melon-Cactuses or Echinocactus (c), with their globular or bulb-like 
shapes, we have plants in the compactest shape ; their spherical fig- 
ure being such as to expose the least possible amount of its bulk 
to the air. 

116. These consolidated plants are evidently adapted and designed 
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for very rf»y regions ; and in such only are lliey Tound. Similarly, 
bulbouR uiiil (.■oriii-beai'ing planis, and the like, aiti examples of a 
form of vegetation which in llie growing season niti}' expand a hi:^e 
surface to the air and light, while, during the period of rest the 
living vegetable is I'educed lo a globe, or Eolid form of the kiist 
po^ible Bui'faee ; and lliis is protected by its outer coats of deuil 
and dry scales, bs well as by its situation iimter ground. Sui'li 
plants exhibit anotli«:r and very similar adapiuiion to a season of 
drought. And tliey mninly belong to countries (^ucli iis Southern 
Africa, and parts of llie interior of Oregon and Calilbmia) which 
have a long hot season during which little or no rain falls, when, 
their Btfllks and foliage above and their ixwts beneath being early cui 
off by drought, the plants rest eccnrcly in iheir compact bulbs, filled 
with nourishment, and retaining their moisture with great tenacity, 
until the rainy season comes round. Then they shoot f<)rih leaves 
and flowers with wondeiful rapidity, and what was perhaps a desert 
of arid sand becomes green with foliage and gay with blossoms, 
almost in a day. This will he moi'e perfectly undei'slood when the 
nature and use of foliage have been more fully considered. (Fig, /6 
tepresents seveiid fi>rms of Cactus vegetation.) 
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LESSON VII. 

MORPHOLOGY OF I^^AYES. 

117. In describing the sHbterranean forms of the stem, we haYe 
been led to notice already some of the remarkable forms undei- 
which leaves occur ; namely, as scales, sometimes small and thin, as 
those of the rootstocks of the Quick-grass, or the Mint (Fig. 64), 
sometimes large and thick, as those of bulbs (Fig. 73-75), where 
they are commonly larger than the stem they belong to. We have 
seen, too, in the second Lesson, the seed-leaves (or cotyledons) in 
forms as unlike foliage as possible ; and in the third Lesson we have 
spoken of bud-scales as a sort of leaves. So that the botanist recog- 
nizes the leaf under other forms than that of foliage. 

118. We may call foliage the natural form of leaves, and look 
upon the other sorts as special forms, — as transformed leaves : by 
this term meaning only that what would have been ordinary leaves 
under other circumstances (as, for instance, those on shoots of Mint, 
Fig. 64, had these grown upright in the air, instead of creeping under 
ground) are developed in special forms to serve some particular 
purpose. For the Great Author of Nature, having designed plants 
upon one simple plan, just adapts this plan to all cases. So, when- 
ever any special purpose is to be accomplished, no new instruments 
or organs are created for it, but one of the three general organs of 
the vegetable, root, stem, or leaf is made to serve the purpose, and 
is adapted to it by taking some peculiar form. 

119. It is the study of the varied forms under this view that con- 
stitutes Morphology (61), and gives to this part of Botany such great 
interest. We have already seen stems and roots under a great 
variety of forms. But leaves appear under more various and widely 
different forms, and answer a greater variety of purposes, than do 
both the other organs of the plant put together. We have to con- 
sider, i\iQn,leaves as foliage, and leaves as something else than foliage. 
As we have just been noticing cases of leaves that are not foliage, 
we may consider these first, and enumerate the principal kinds. 

120. leaves as Deposilorles of Food. Of these we have had plenty 
ef instances in .the seed-leaves, such as those of the Almond, Apple- 
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■eed (Fig. 11), Beech (Pig. 13-15), ihe Bean and Pea (Fig. 16- 

20), ibe Oak (Fig. 21, 22), and Horsechesinut (Fig. 23, 24) ; where 

the (bod upon which the plantlet feeds when it Eprings Irom the 

seed ta stored up in iu cotjrledons or first leaves. And we have 

noticed how very unlike foliage euch leaves are. Yet in Eome caEco, 

as in the Pumpkin (Fig. 10), they 

actually grow into green leaves as 

they get rid of their burden. 

121. Bnlb-Stlla (Fig. 73-75) of- 
fer another inEtance, which we were 
considering at the close of the last 
Lesson. Here a part of ihe nourish' 
ment prepared in the foliage of one 
year is stored up in the scales, or 
subterranean tlii(;kened leaves, forthe 
early growth and flowering of the next 
year ; and this enables the flowers to 
appear before the leaves, or as soon 
as they do ; as in Hyacinlbs, Snow- 
drops, and many bulbous plants. 

122. LeavH as Bod-uales, &t. Tma 
to its nature, tbe stem produces 
leaves even under ground, where 
they cannot serve as foliage, and 
where often, as on roolstoeks and 
tubers (97 - 103), they are not of 
any use that we know of. In sucb 
cases they usually appear as thin 
scales. So the first leaves of the 
stems of herbs, as they sprout from 
the ground, are generally mere scales, 
such as those of an Asparagus shoot i 
and such are the first leaves on Ibe 
stem of tbe seedling Oak (Fig. 22) 
and the Pea (Fig. 20). Similar 

Y, scales, however, oflen serve an im- 

portant purpose ; as when they form tbe covering of buda, where 
they protect the tender parts within (44). That bud-scales are 
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leaves is plainly shown, in many cases, hy the gradual transition 
between tbein and the fir^t foliage of the EhooL The Common Lilao 
and the Shell-bark Hickory are good instances 
of the sort. But the best illustration is fui^ 
nbhed by the Low Sweet Buckeye of tbe 
Southern States, which is often cultivated as 
an ornamental shrub. From one and the same 
growing bud we may often find all the grada- 
tions which are shown in Fig. 77. 

123. bcirti DS Splun occur in several plants. 
The most familiar instance is that of the Com- 
mon Barberry. In almost any summer shoot, 
most of the gradations may be seen between the 
ordinary leaves, with sharp bristly teeth, and 
leaves which are reduced to a branching spine 
or thorn, as shown in Fig. 78. The fact that 
the spines of the Barberry produce a leaf-bud 
in their axil also proves them to be leaves. 

124. LeavM as Teadrils are to be seen in the 
Pea and the Vetch (Fig. 20, 1SJ7), where the 
upper part of each leaf becomes a tendril, which 

tbe plant uses to 

climb by 5 and in " 

one kind of Vetch the whole leaf Is 

such a tendriL 

125. leave* as Pilehen, or hollow tubes, 
are familiar to us in the common Pitcher- 
plant or Side-saddle Flower (Sarrac:nia. 
Fig. 79) of our bogs. These pitchers 
are generally half-full of water, in which 
flies and other ineecle are drowned, often 
in such numbers as to make a rich 
manure tor the plant, no doubt ; though 
we can hardly imagine this to be the 
design of the iritcher. Not do we per- 
ceive here any need of a contrivance 
„ to hold water, since the roots of thesa 

pkutS are alwa}'s well supplied by the wet bogs where they grow. 

PIG. 78. SsmniM sluDI of Bubnir, (bowini the Uuuitioa of liicH iulo (iriiH*. 
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126. Leaves U Fly-trapa. liuects are caught in another way, and 
more expertly, by the most extraordinary of all the plants of this 
country, the Diontea or Venus's Fly- 
trap, which grows in the sandy bogs 
around Wilmington, Korth Carolina. 
Here (Fig. 81) each leaf bears at its 
Eummit an appendage which opens and 
shuts, in shape something like a steel- 
trap, and operating much like one. For 
when open, as it commonly is when the 
sun shines, no sooner does a fly alight 
on its surface, and hrush against any 
one of the several long bristles that grow 
there, than the trap suddenly closes, 
often capturing the intruder, pressing it 
all the harder for its struggles, and cunv- 
monly depriving it of life. If the fly 
n escHpej, Ibe trap soon slowly opens, and 

is ready for another capture. When retained, the insect is alter a 
time moistened by a secrRiion from minute glands of the inner sur- 
face, and ia apparently digested ! How such 
and various other movements are made by 
plants — some as quick a9 in thj^ case, 
others very slow, hut equally wonderful, — 
must be coti.sidered in a future Lesson. 

1S7. ItAvti serviug bolh Ordinary and 

Special Pni^StS. Let us now remark, that 
the same leaf frequently answers its gen- 
eral purpose, as foliage, and some special 
purpose besides. For exam])le, in the Dio- 
ncea, the lower part of the leaf, and prob- 
ably the wholeof it, acts as foliage, while the 
appendage serves its mysterious purpose 
as a fly-catcher. In the Pea and Vetch 
(Fig. 20, 127), the lower part of the leaf 

is foliage, the upper a 'tendril. In the Pilcher-planla of the Indian 
Archipelago (Nepenthes, Fig. 80) which are not rare in 
tories, the lower part of the leaf is expanded and acta e 

Jril, and pilcher rombinsil. 

n oil* of Uiuu open. In tlw Dthan slo 
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farther on, it is conlraclud into a lendril, enabling the plant to climb ; 
the end of this tendril 'n then ex[)anded into a pitcher, of five or 
six inches in length, and on the end of thia is a lid, which exactly 
closes the mouth of the pitcher until ufter it i» full groivn, when the 
lid opens by a hinge ! But the whole is only one leaf. 

128. So in the root-leaves of the Tulip or the Lily (Fig. 75), 
while the green leaf is preparing nouiishment tbroiighont the grow- 
ing season, its base under ground Lt thickened into a reservoir for 
storing up a good part of the nourishment for next year's use- 

129. Finally, the whole leaf often serves both as foliage, lo pre- 
pare nourishment, and as a depository to store it up. This takes 
place in all fleshy-leaved plants, such as the Houseleek, the Ice- 
plant, and various sorts of Mesembrjanthemum, in the Live-for-ever 
of the gardens to some extent, and very strikingly in the Aloe, and 
in the Century-plant. In the latter it is only the green surface of 
these large and thick leaves (of three to five feet in length on a 
strong plant, and oflen three to six inches thick near the base) which 
acts as foliage ; the whole interior is white, like the interior of a 
potato, and almost as heavily loaded with starch and other nourish- 
ing ipatter. (Fig. 82 represents a young Century-plant, Agave 
Americana.) 
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LESSON VIII. 
morphology of leaves as foliage. 

130. Having in the last Lesson glanced at some of the special 
or extraordinary forms and uses of leaves, we now return to leaves 
in their ordinary condition, namely, as foliage. We regard this as 
the natural state of leaves. For although they may be turned to 
account in other and very various ways, as we have just seen, 
still their proper office in vegetation is to serve as foliage. In this 
view we may regard 

131. leaves as a Contrivance for Inereasing the Snrfaee of that large 

part of the plant which is exposed to the light and the air. This is 
shown by their expanded form, and ordinarily slight thickness in 
comparison with their length and breath. While a Melon-Cactus 
(115, Fig. 76) is a striking example of a plant with the least pos- 
sible amount of surface for its bulk, a repeatedly branching leafy 
herb or tree presents the largest possible extent of surface to the 
air. The actual amount of surface presented by a tree in full leaf 
is much larger than one would be apt to suppose. Thus, the Wash- 
ington Elm at Cambridge — a tree of no extraordinary size — was 
some years ago estimated to produce a crop of seven millions of 
leaves, exposing a surface of 200,000 square feet, or about five 
acres, of foliage. ^ 

132. What is done by the foliage we shall have to explain in 
another place. Under the present head we are to consider ordinary 
leaves as to their parts and their shapes. 

133. The Parts of the Leaf. The principal part of a leaf is the 
blade, or expanded portion, one face of which naturally looks towaixi 
the sky, the other towards the earth. The blade is often raised on 
a stalk of its own, and on each side of the stalk at its base there is 
sometimes an appendage called a stipule. A complete leaf, there- 
fore consists of a Wade (Fig. 83, ^), a foot-stalk or leaf-stalky called 
the petiole (/?), and a pair o^ stipules (st). See also Fig. 136. 

134. It is the blade which we are now to describe. This, as 
being the essential and conspicuous part, we generally regard as the 
leaf: and it is only when we have to particularize, that we speak of 
the liadey or lamina, of the leaf. 
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135. Without here entering upon the subject of tho anatomy o( 
the leaf, we may nmark, that leaves consist of two sorts of mate- 
rial, viz- : !• the green ptdp, or parenchyma ; and 2. the Jibrwu 
framework, or skeleton, which extends throughout the soft greea 
pulp and supports it, giving the leaf a strength and firmness which 
it would not otherwise possess. Besides, the whole aur&c« is oot- 
ered with a transparent skin, called the 

epidermit. like that which covers the 
Bur&ce of the shoots, &c. 

136. The framework consists of 
Kood, — a fibrous and tough material 
which runs from the stem through the 
leaf-alalk, when there is one, in the 
form of parallel threads or bundles of 
fibres ; and in the blade these spread 
out in a horizontal direction, to form 
the ribi and vetnt of the leaf. The 
stout main branches of the framework 
(like those in Fig. 50) are called the 
ribt. When there is only one, as in 
Fig. 83, &Ct or a middle one decid- 
edly larger than the rest, it is called „ 

the midrib. The smaller divisions are termed veins; and Iheir 
still smaller subdivisions, veiiilets. 

137. The latter subdivide again and ^ain, until they become m 
fine that they are invisible to the naked eye. The fibres of which 
they are composed are hollow ; forming tubes by which the sap is 
brought into the leaves and carried to every parL The arrangement 
of the framework in the blade is termed the 

138. TtDation. or mode of veining. This corresponds so complete- 
ly with the general shape of tlie leaf, and with the kind of division 
when the blade is divided or lobed, that the readiest way to study 
and arrange the forms of leaves is first to consider their veining. 

139. Various as it appears in different leaves, the veining b all 
reducible to two principal kinds ; namely, the parallel-veined and the 
netUd-veined. 

140. In nelfed-veined (also called reticidaied) leaves, the veins 
branch otr from the main rib or ribs, divide into finer and finer 

no. a Lnf of lb« OaiDH! », Uids j y, petkil* ; tl,>li|«lM. 



£6 MORPHOLOGT OF LEAVES AS FOLIAGE. ^LESSON 8- 

veinlets, and the branches unite with each other to form meshes of 
network. That is, they anastomose., as anatomists s»y of ihe veins 
and arteries of the body. The Quinee-leaf, in Fig. 83, shows tliis 
kind of Teining in a. leaf wilb a single rib. The Maple, Bassnood, 
and Butlonwood (t'ig- 50) show it in leaves of several ribs. 

i41. In paredlel-veined leaves, Ihe whole framework, consists of 
slender ribs or veins, which run parallel wilh each olher, or nearly 
fo, from the base to the point of the leaf, not dividing and sub- 
dividing, nor forming meshes, except by very minute cross-veinlet!^ 
The leaf of any grass, or that of the Lily of the Valley (Fig. 84) 
will furnish a good illustration. 

142. Such simple, parallel veins Linnteus, to distinguish them, 
called jiervei, and parallel- veined leaves 
are still commonly called nerved leaves i 
while those of the other kind are said to 
be veined; — terms which it is conven- 
ient to use, although these " nerves " and 
" veins " are all the same thing, and have 
no likeness to the nervei of animals. 

143. Netted-veined leaves belong tc 
plants which have a pair of seed-leavea 
or cotyledons, such as the Maple (Fig. I 
-7), Beech (Fig. 15), Pea and Bean 
(Fig. 18, 20), and most of the illustra- 
tions in the first and second Lessons- 
While paraBet-veined or nerved leaves 
belong to plants with one cotyledon or 
- M true seed-leaf i such as the Iris (Fig. 134) 

and Indian Com (Fig. 42). So that a mere glance at the leaves 
of the tree or herb enables one to tell what the structure of the 
embryo is, and to refer the plant to one or the other of these two 
grand classes, — which is a great convenience. For generally when 
plants differ from each other in some one important respect, they 
differ correspondingly in olher respects as well. 

144. Parallel- veined leaves ai-e of two sorts ; one kind, and the 
commonest, halving the ribs or nerves all running from the base to 
the point of the leaf, as in the examples already given; while in 
another kind they run from a midrib to the mai^u ; as in the com- 

FIG. 84. A (pmllal.THiieil) l»[of Uw Lily or Iha Vallsr. 
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mon Pickerel- weed of our ponds, in the Banana (Fig. 47), and many 
similar plants of warm climates. 

145. Netted- veined leaves are also of two sorts, as is shown in 
the examples already referred to. In one case the veins all rise 
from a single rib (the midrib), as in Fig. 83. Such leaves are called 
feather-veined or pinnately-veined ; both terms meaning the same 
thing, namely, that the veins are arranged on the sides of the rib 
like the plume of a feather on each side of the shaft. 

146. In the other case (as in the Button wood, Fig. 50, Maple, 
&c), the veins branch off from three, five, seven, or nine ribs, which 
spread from the top of the leaf-stalk, and run through the blade like 
the toes of a web-footed bird. Hence these are said to be pcdmately 
or dlgitately veined, or (since the ribs diverge like rays from a 
cen tre ) radiate-veined, 

147. Since the general outline of leaves accords with the frame- 
work or skeleton, it is plain that feather-veined leaves will incline to 
elongated shapes, or at least will be longer than broad ; while in 
radiate-veined leaves morer rounded forms are to be expected. A 
glance at the following figures shows this. Whether we consider 
the veins of the leaf to be adapted to the shape of the blade, or the 
green pulp to be moulded to the framework, is not very materiaL 
Either way, the outline of each leaf corresponds with the mode of 
spreading, the extent, and the relative hngth of the veins. Thus, in 
oblong or elliptical leaves of the feather- veined sort (Fig. 87, 88), 
the principal veins are nearly equal in length ; while in ovate and 
heart-shaped leaves (Fig. 89, 90), those below the middle are 
longest; and in leaves which widen upwards (Fig. 91-94), the 
veins above the middle are longer than the others. 

1 48. Let us pass on, without particular reference to the kind of 
veining, to enumerate the principal 

149. Fjrms of Leaves as to General Ontline. It is necessary to give 

names to the principal shapes, and to define them rather precisely, 

since they afford the easiest marks for distinguishing species. The 

same terms are used for all other flattened parts as well, such as the 

petals of the flowers ; so that they make up a great part of the 

descriptive language of Botany. We do not mention the names of 

common plants which exhibit these various shapes. It will be a good 

exercise for young students to look them up and apply them. 

150. Beginning with the narrower and proceeding to the broadest 

forms, a leaf is said to be 

S&F-4 
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Linear (Fig. 85), when narrow, several times longer than wide, 
and of the same breadth throughout 

Lanceolate^ or lance-shaped^ when several times longer than wide, 
and tapering upwards (Fig. 86), or both upwards and downwards. 

Oblong (Fig. 87), when nearly twice or thrice as long as broad. 

Elliptical (Fig. 88) is oblong with a flowing outline, the two ends 
alike in width. 

Oval is the same as broadly elliptical, or elliptical with the breadth 
considerably more than half the length. 

Ovate (Fig. 89), when the outline is like a section of a hen's-egg 
lengthwise, the broader end downward. 

Orbicular, or rotund (Fig. 102), circular in outline, or nearly so. 
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151. When the leaf tapers towards the base, instead of upwards, 
it may be 

OblanceolcUe (Fig. 91), which is lance-shaped, with the more 

tapering end downwanis ; 

Spatulate (Fig. 92), round- 
ed above and long and narrow 
below, like a spatula ; 

Obovate (Fig. 93), or in- 
versely ovate, that is, ovate with 
the narrower end down ; or 
Cuneate, of cuneiform, that is, wedge-shaped (Fig. 94), broad 
above and tapering by straight lines to an acute angle at the base. 

152. As to Ihc Base, its shape characterizes several forms, such as 
Cordate, or heart-shaped (Fig. 90, 99, 8), when a leaf of an ovate 

form, or something like it, has the outline of its rounded base turned 
in (forming a notch or sinus) where the stalk is attached. 

Reniform, or kidney-shaped (Fig. 100), like the last, only rounder 
and broader than long. 




FIG. 85-90. Various forms of feather-veined leaves. 

FIG. 91. Oblanceolate, 92. spatulate, 93. obovate, 94. wedge-shaped, feather-veined leitiree. 
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AtincukUe, or eared, having a pair of small and blunt projectiooi, 
or eari, at the base, as in one speciea of Magnolia (Fig- 96)- 

Sagittate, or arrow-shaped, where such ears are pcwnUiil and tuned 
downward^ while the 
main bod; of the blade 
tapera upwards ta a 
point, a« in the com- 
mon Sagittaria or Ar- 
row-head, and in the 
Arrow-leaved Polygo- 
num (Fig. 95). 

Hastate, or halberd- 
tkaped, when such mm «> 

lobes at the base point outwards, giving the leaf the shape of the 
halberd of the olden lime, as in another Polygonum ( Fig. 97). 

PeUate, or thield-thaped, (Fig. 102,) is the name applied to a 
cuiious modification of the leaf, commonly of a rounded form, where 
the fooUtalk is mtached to the lower surface, instead of the base, and 





therefore is naturally likened to a shield borne by the outstretched 
arm. The common Walershield, the Nelumbium, and the White 
Water-lily, and also the Mandrake, exhibit this sort' of leaf. On 
comparing the shield-shaped leaf of the common Marsh Pennywort 
(Fig. 102) with that of another common species (Fig. 101), we see 
at once what this peculiarity means. A shield-shaped leaf is like a 
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kidney-shaped (Fig. 100) or other rounded leaf, with the margins at 
the base brought together and united. 

153. As to the ApeXy the Ibliowing terms express the principal 
variations. 

Acuminate, pointed, or taper-pointed, when the summit is more or 
less prolonged into a narrowed or tapering point, as in Fig. 97. 

Acute, when ending in an acute angle or not prolonged point, as 
in Fig. 104, 98, 95, &c 

Obtuse, when with a blunt or rounded point, as in Fig. 105, 89, &c. 

Truncate, with the end as if cut off square, as in Fig. 106, 94. 

JRetuse, with the rounded summit slightly indented, forming a. 
very shallow notch, as in Fig. 107. 

Emarginate, or notched, indented at the end more decidedly, as 
in Fig. 1-08. 

Obcordate, that is, inversely heart-shaped, where an obovate leaf 
is more deeply notched at the end (Fig. 109), as in White Clover and 
Wood-sorrel ; so as to resemble a cordate leaf (Fig. 99) inverted. 

Cuspidate, tipped with a sharp and rigid point ; as in Fig. 110. . 

Mucronate, abruptly tipped with a small and short point, like a 
projection of the midrib ; as in Fig. 111. 

Aristate, awn-pointed, and bristle-pointed, are terms used when this 
mucronate point is extended wto a longer bristle-form or other 
slender appendage. 

The first six of these terms can be applied to the lower as well as 
to the upper end of a leaf or other organ. The others belong to 
the apex only. 
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FIG. 103 - 111. Forms of the apex of leayes. 
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LESSON IX. 

MORPHOLOGY OF LEAVES A8 FOLIAGE. SIMPLE AND COM- 
POUND LEAVES, STIPULES, ETC. 

154. In tbe foregoing Lesson leaves have been treated of !n their 
simplest form, namely, as consisting of a single blade. But in many 
cases the leaf is divided into a number of separate blades. That is, 

155. LeaTM are eiUier Simple or Compoand. They are sfJd to be 
timple., when the blade is all of one piece : they are compound, when 
the blade consists of two or more separate pieces, home upon a 
common leaf-stalk. And between these two kinds every interme- 
diate gradation is to be met with. Tliis will appear as we proceed 
to notice the principal 

156. Forms of Leaves as to pHrlieolai' Outline or degree of division. 
In this respect, leaves are said to be 

Satire, when their general outline is completely filled out, so that 
the mai^n is an even line, without any teeth or notches; as in 
Fig. 83, 84, 100, Sec 

Serrate, or tavj-toothed, when the mnrgin only is cut into sharp 
teeth, like those of a saw, and pointing forwards; as in Fig. 112; 
also 90, &c 



Xfeaiate, or toothed, when such teeth point outwards, instead 
offorwarfs; as in Fig. 113. 
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OrencUe, or scalloped, when the teeth are broad and rounded ; aa 
in Fig. 114, 101. 

Hepand, undulate, or wavt/, when the margin of the leaf forms a 
wavj line, bending slightly inwards and outwards in succession ; as 
in Fig. 115. 

Sinuate, when the margin is more strongly sinuous, or turned 
inwards and outwards, as in Fig. 116. 

Incised, cut, or jagged, when the margin is cut into sharp, deep, 
and irregular teeth or incisions, as in Fig. 117. 

157. When leaves are more deeply cut, and with a definite number 
of incisions, they are said, as a general term, to be lobed ; the parts 
being called lobes. Their number is expressed by the phrase two- 
lobed, tkree-lobed, five-lobed, many-lobed, &c., as the case may be. 
When the depth and character of the lobing needs to be more par- 
ticularly specified, — as is oflen the case, — the following terms are 
employed, viz. : 

Lobed, when the incisions do not extend deeper than about half- 
way between the margin and the centre of the blade, if so far, and 
are more or less rounded ; as in the leaves of the Post-Oak, Fig. 
118, and the Hepatica, Fig. 122. 

Cleft, when the incisions extend half-way down or more, and 
especially when they are sharp, as in Fig. 119, 123. And the 
phrases two-cleft, or, in the Latin form, hifid; three-cleft, or trifid; 
ftmr-cleft, or qupdrifid; five-cleft, or quinquefid,k,c.\ or many-cleft, 
in the Latin form mvUifid, — express the number of the segments, 
or portions. 

Parted, when the incisions are still deeper, but yet do not quite 
reach to the midrib or the base of the blade ; as in Fig. 120, 124. 
And the terms two-parted, three-parted, &c. express the number of 
such divisions. 

Divided, when the incisions extend quite to the midrib, as in the 
lower part of Fig. 121 ; or to the leaf-stalk, as in Fig. 125; which 
makes the leaf compound. Here, using the Latin form, the leaf is 
said to be bisected, trisected (Fig. 125), &c., to express the number 
of the divisions. 

158. In this way the degree of division is described. We may 
likewise express the mode of division. The notches or incisions, 
being places where the green pulp of the blade has not wholly filled 
up the framework, correspond wiih the reining ; as we perceive 
on comparing the figures 118 to 121 with figures 122 to 125. The 
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159. In the upper raw the incisions all pmnt lowmrds the midrib, 
from which the main vmaa »rise, the iitcisioiis (or tiiiutei) being 
between the main reins. That h, bdng ptit»aUfy Teined, such 
leaTes are pinaat^ lobtd (Fig. 118), pimutidg deji, or pimtatifid 
(Fig. 119), ptnaateli/ parted (Fig. 120), or pitmatdg dieided (Pig. 
121), according to the depth •Tthe incbions, as just defined. 

160. In the lower row of figures, as the main veins or ribs all 
proceed from the base of the blade or the Bummit of the leaf.«ttdk, eo 
the incisions all point in that direction. That \i, pa}nuathf-yv\nt^ 
leaves are pahuOelr/ lobed (Fig. 122), palmtUely cUfi (Fig. 123). 
prdmatdp parud (F'\^. V2i), or paimaUly divided {Vxf., 12.1). Soinij- 
times, instead of palmalelj, we say digitately cleft, See., which mt'Oiii 
just the same. 

161. To be still more particular, the number of Ihe Inlw*, A-n. 
may come into the phrase. Thus, Fig, 122 is a pnlmnl'tjf lliret- 
lobed; Fig. \2Z, b. paimately ikree-cUfi ; Fig. 124, npn/mn/Wj/ (Arcf- 
parted; Fig. 125, a palmoteJy three-divided, or tri$rclid, leaf. Tlio 
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Sugar-Maple and the Buttonwood (Fig. 50) have palmately five' 
lobed leaves; the Sod White-MsLple palmately five-parted leaves ; and 
80 on. And in the other sort, the Post-Oak has pinnately sevens 
to nine-lohed leaves ; the Red-Oak commonly has pinnately seven- to 
nine-cleft leaves^ &c., &c. 

162. The divisions, lobes, &c. may themselves be entire (without 
teeth or notches, 156), as in Fig. 118, 122, &c. ; ov serrate (Fig. 
124), or otherwise toothed or incised (Fig. 121) ; or else lobed, cleft, 
parted, &c. : in the latter cases making twice pinnaiifid^ twice pal' 
mately or pinnately lobed, parted,. or divided leaves, &c. From these 
illustrations, the student will perceive the plan by which the bota- 
nist, in two or three words, may describe any one of the almost 
endlessly diversified shapes of leaves, so as to convey a perfectly 
dear and definite idea of it 

163. Componnd leaTes. These, as already stated (155), do not 
differ in any absolute way from the divided form of simple leaves. 
A compound leaf is one which has its blade in two or more entirely 
separate parts, each usually with a stalklet of its own : and the stalk- 
let is often jointed (or artictdated) with the main leaf-stalk, just as 
this is jointed with the stem. When this is the case, there is no 
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doubt that the leaf is compound. But when the pieces have no 
stalklets, and are not jointed with the main leaf-stalk, the leaf may 
be considered either as simple and divided, or compound, according 
to the circumstances. 



FIG. 126. Pinnate with an odd leaflet, or odd-pinnate. 127. Pinnate with a tendril 
128. Abruptly pinnate leaC 
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164. The separate pieces or little blades of a compound leaf are 
called leaJUti. 

165. Compound leaves are of two principal kinds, namelj, the 
pinnate a.nA the palmate ; answering to the two modes of veining la 
reticulated leaves (145- 147), and lo the two sorts of lobed or di- 
vided leaves (153, 159). 

166. Pinnate leaves are those in which the leaflets are arranged 
on the sides of a main leaf-stalk ; as in Fig. 1 26 - 128. They answer 
to HnG feather^eined (i. e. pinnateb/-veined) simple leaf; as will be 
seen at once, on comparing Fig. 126 with the figures 118 lo 121. 
The hafleU of the former answer to the lobet or divisiont of the 
latter; and the continuation of the petiole, along which the leaflets 
are arranged, answers to the midrib of the simple leaf. 

167. Three sorts of pinnate leaves are here given. Fig. 126 is 
pinnate with an odd or end leajlel, as in tlie Common Locust and 
the Ash. Fig. 127 is pinnate with a tendril at the end, in place of 
the odd leaflet, as in the Vetches and the Pea. Fig. 128 is abnipUy 
pinnate, having a pair of leaflets at the end, like tlie rest of the leaf- 
lets ; as in the Honey- Locus I. 

1G8. Palmate (also iiamed digitate) leaves are those in which the 
leaflets are all borne on the very tip of the leaf-stalk, as in the 
Lupine, the Common Clover (Fig. 136), Cm Virginia Creeper (Fig. 
62), and the Ilorsechestnut and Buckeye (Fig. 129). They answer 
to the radiate-veined or palmately- 
veined simple leaf; as is seen by 
comparing Fig. 136 with the figures 
122 to 125. That is, the Clover- 
leaf of ttiree leaflets is the same as 
a palmately three-ribbed leijf cut's 
into three separate leaflets. And 
such n simple five-lobcd leaf as that 
of the Sugar-Maple, if more cut, so 
as to separate the parts, would pro- 
duce a palmate leaf of five leaflets, ,b 
like tJiat of tlie Ilorsechestnut or Buckeye (Fig. 1 20). 

1C9. Either sort of compound leaf may have any number of leaf- 
lets ; tliough palmate leaves cannot well have a great many, since 
they are ail crowded together on the end of the mmn leaf-stalk. 

FIG. USL I^InuU Imir at On iMfleU, of Ihs SwMt Bucket*. 
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Some Lupines have nine or eleven ; the Horsechestnut has seven, 

the Sweet Buckeye more commonlj five, the Clover three. A pin* 

Date leaf oflen has only eeven or flve teafleta, as in the Wild Beao 

or Groundnut ; and in the Common Bean it has only three ; in 

acme rarer caees only two ; in 

the Orange and Lemon only 

one! The joint at the placo 

where the leaflet is united with 

the petiole alone diatinguishea 

this last case from a simple 

leaf* 

170. The leafleU of a com- 
pound leaf may be either entire 
(as in Fig. 126-128), or ler- 
rate, or lobed, detV parted, 
&c. : in fact, ihey may pre- 
sent all the variations of ^mple 
leaves, and the same terms 
eqtially apply lo them. 

171. When thU division is 
carried so far as to separato 
what would he one leaflet into 
two, three, or peveral, the leaf 
becomes doMy or twice com- 
pound, either pinnately or pal- 

"° maiely, as the case may he. 

For example, while some of the leaves of (he Honey-Locust are 
timpl;/ pinnate, that is, once pinnate, as in Fig. 128, the greater part 

* When the botanist, in dcaoribing leaves, wishes lo express the munbcr rf 
leaflcM, he may use terms like llieso : — 

Vni/aluilait, for a compound leaf of a single leaflet ; from the Lalin Hnun, on^ 
tati/otioliim, leaflet. 

Bifoliolate, of two Icaflota, from the Latin b!i, Iwicc, anil/olitJum, leaflet 

Tn/utioiate (or ternnte), of throe leaflets, as the Clover ; and so on. 

When he would express in one phrase both the number of leaflets and the waj- 
the leaf is compound, be writes : — 

Palmaltly bi/diottOt, irlfotialate, plarifalialatt (of scveml leaflets), &e., or else 

Pinnatds U-, Iri-, gaadr!-, or pluri-fvlielale (that is, of two, three, four, five, or 
UTeral IcaQets), as the case may be. 

710.13(1 Atwice-pinnsHCohiupHrileafotUieHpiiw-IaeiBt. 
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are hipinnate, ie. twict piiauUe, ta la Kg. 130. If these leaflets 
were again divided in the same way, 'the leaf would become (AriM 
pinnate, or tripimtate, as in many Acacias. The first divisions ura 
called pitmte ; the olherSf pimutlei ; and the last, or little blades, 
ItajteU. 

172. So the palmate leaf, if i^ain compounded In the same way, 
becomes twice palmate, or, as we say when the divisions are in 
threes, twice temate (in Iiattn form bitemaie) ; if a third time com- 
pounded, thrice temate or tritemale. But if the division goes still 
further, or if the degree is variable, we simply say that the leaf is 
decompound; either palmately or pinnately go, as the case may be. 
Thus, Fig. 138 representa a four limes temately compound, in other 
words a temately decompound, leaf of our common Aleadow Rue. 

173. So exceedingly various are the kind^ and shapes of leaves, 
that we have not yet exhausted the subject. We have, however, 
mentioned the principal terms used in describing them. Many 
others will be found in the glossary at'the end of the volume. Some 
peculiar sorts of leaves remain to be noticed, which the student might 
not well understand without some explanation ; such as 

174. Ftrfolille LcaTO. A common and simple case of this sort is 
found in two species of TJvularia or Bellwort, where the stem appears 
to run through the blade of the leaf, 

near one end. If we look at this plant 
in summer, after all the leaves are 
formed, we may see the meaning of this 
at a glance. For then we often find 
upon the same stem such a series of r 
leaves as is given in Fig. 131 ; the low- 
er leaves are perfoliate, those next above 
less so ; then some (the fourth and fifth) 
with merely a heart-shaped clasping 
base, and finally one that is merely 
tetsile. The leaf, we perceive, bewimes ( 
perlbliale by the union of the edges of 
the base with each other around the 
stem ; just as the shield-shaped leaf. Fig. ^ 

102, comes from the union of the edges of the base of such a leaf 
as Fig. 101. Of the same sort are the upper leaves of most of 

Fta. 13t. LofCB or tJTuluia (BsIlirDn) i Um l«ir« obh pwliiliau, Uu Mbm bmivIt 
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the true Honeysuckles (Fig. IS2) : but here it is a pair of oppo- 
site leaves, ivith (heir conliguous broad bases grown together, which 
makes what seems to be one round leaf, with the stem running 
through its centre. This is Been to bo the case, by comparing 
together the upper and the lowest leaves of the same branch. 
Leaves of this sort are said to be etmnate-perfoliate. 

175. EqnllaDt Leaves. Whileordinary 
leaves spread horizontally, and present 
one face to the sky and the other to the 
earth, there are some that present their 
tip to the sky, and their faces right 
and left lo the horizon. Among these 
are ihe eqmtaiU leave* of the Iris or 
Flower-de-Luce. On careful inspection 
- we shall find tliat each leaf was formed 
folded toqether Unijth- 



cei 




the next younger one. It w£ 
dling over each other, like a m£ 
ia seen in the cross-section, Fig. 
with his lively fancy, called ihei 
176. Leaves with no dittinctioi 
The leaves of Iris just mentio 
of this. ' The flat but narrow 
leaves, of Jonquils, Daffodils, 
and the like, are other in- 
stances. Needle-skape((\eB.\ti, 
like those of ihe Fine (Fig. 
140), Larch (Fig. 139), and 
Spruce, and the mel-shaped 
as well as ihe gcaU-»haped 
leaves of Junipers, Red Ce- 

FIO. 139. Bnnch oT m 
FIO. 133. RoolMDCk *. 
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dar, and Aii»r-Vitte (Fig. 135), are different examples. These 
last are leaves serving for foliage, but having as 
, little spread of surface as possible. They make 
I up for this, however, bj their immense numbers. 
177. Sometimes ihepetiole expands and flattens, 
and takes the place of tlie blade ; as in numerous 
New Holland Acacias, some of which are now 
common in greenhouses. Such counterfeit blades 
are called phyRodia, — meaning leaf-like bodies. 
Thej' maj be known from true blades fay their 
standing edgewise, their margins being directed 
upwards and downwards ; while in true blades the 
faces look upwards and downwards ; excepting in 
equ i Ian t leaves, as al- 
ready explained, and 
in those which are 
"* turned edgewise by 

a twist, such as those of the Callis- 

temon or Uottle-brusb Flower of our 

greenhouses, and other Dry Myrtles 

of New Holland, &c. « 

178. Stipalcit, the pair of appendages 

which is found at the base of the peti- 
ole in many leaves (133), should also 

be considered in respect to their very 

varied forms and appearances. More 

commonly they appear like little blades, 

on each side of the leaf-stalk, as in the 

Quince (Fig, 83), and more strikingly 

in the Hawthorn and in the Pea. Here 

they remain as long as the rest of the 

leaf, and serve for the same purpose 

as the blade. Very commonly they 

serve for bud-scales, and fall off wlcji 

the leaves expand, as in the Fig-tree, „, ^ 

and the Magnolia (where they are lat^ and conspicuous), or soon 



PIQ. I3S. Leaf of Red Clover: 






>l,iripulei, wthaHnglolhs bueafp, Iba petiDlc: t. blut 
>[Priude>i-pHiL«(Po|y|aium orimule} wltb Ilw inlta 
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aflernards, as in th« Tulip-tree. In the Fea the Btipules make a 
vci'f conspicuous part of tlie leaf; wbiltt in the Bean tliey are quite 
email-, and in the Locust they are reduced to bristles or prickles. 
Sometimes the stipules are separate and distinct (Fig. 83): oflen 
they are united with the hase of the leaf-stalk, as in the Kose and 
the Clover (Fig- 136) : and Bometimes they grow together by both 
margins, so as to form a sheath around the Btem, above the leaf, aa 
in the Buttonwood, the Dock, and almost all the plants of the 
Polygonum Family (Fig. 137). 

179. The sheaths of Grasses bear the blade on their summit, and 
therefore represent a form of the petiole. The small and thin ap- 
pendage which is commonly found at the top of the sheath (called a 
h'ffv}e) here answers to the stipule. 

FIG. 138. T(ni>U1y-d«am[wuDillHrorM*>dowBua(Thi]icliumC(imull). 
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THE ARRANGEMENT OF LEAVES. 

180. Under this head we may consider, — 1. the arrangement of 
leaves on the stem, or what is eometinies called PHrLLOTAXT (from 
two Greek words meaning Uaf-order) ; and 2. the waja in which 
they are packed together in the bud, or their ternation (the word 
meaning their spring stale). 

181. PhjUoUir. As already explained (48, 49), leaves are ar^ 
ranged on the etem in two principal ways. They are eitlier 

JlUmate (Fig. 131, 143), that is, one after another, only a single 
leaf arising from each node or joint of the stem ; or 

Oppoiite (Fig. 147), when there is a pair of leaves on each joint 
of the stem ; one of the two leaves being in this case always situ- 
ated exactly on the opposite side of the stem from the other. A 
third, but uncommon arrangement, may be added ; namely, the 

Wborled, or verliciliaU (Fig, 148), when there are three or more 
leaves in a circle {wkorl or verticil) on one joint of stem. But this 
is only a vaiiallon of the opposite mode ; or rather the tatter ar- 
rangement is the same as the whorled, with the number of the 
leaves reduced to two in each whorl. 

182. Only one leaf is ever produced from the same point. When 
two are borne on the same joiiil, they are always on opposite side* 
of the Etem, that is, are separated by half the circumference ; when 
in whorls of three, four, five, or any other number, they are equally 
distributed around the joint of stem, at a distance of one third, one 
fourtb, or one fifth of the circumfer- 
ence from each other, according to 

their number. So they always have 
the greatest possible divergence from 
each other. Two or more leaves be. 
longing to the same joint of stem 
never stand side by side, or one 
above the other, in a cluster. ■" 

183. What are called clustered or fascicled leaves, and which 

FIG. I3S. auiui»d at Ijucicled l«v« oftlH Lueh. 
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appear to be so, are always the leaves of a whole branch which 
remains so very short that they are ail crowded together in a 
bundle or rosette ; as in the spring leaves of the Barberry and of 
the Larch (Fig. 139). In these cases an examination shows them 
to be nothing else than alternate leaves, very much crowded on a 
short spur ; and some of these spurs are seen in the course of the 
season to lengthen into ordinary shoots with scattered alternate 
leaves. So, likewise, each cluster of two or three needle-shaped 
leaves in Pitch Pines (as in Fig. 140), or of five leaves 
in White Pine, answers to a similar, extremely short 
branch, springing from the axil of a thin and slender 
scale, which represents a leaf of the main shoot. For 
Pines produce two kinds of leaves ; — 1. primary, the 
proper leaves of the shoots, not as foliage, but in the 
shape of delicate scales in spring, which soon fall away ; 
and 2. secondary, the fascicled leaves, from buds in the 
axils of the former, and these fonn'the actual foliage. 

184. Spiral Arrangement of leaves. If we examine any 
alternate-leaved stem, we shall find that the leaves are 
placed upon it in symmetrical order, and in a way per- 
fectly uniform for each species, but different in different 
plants. ^ If we draw a line from the insertion (i. e. the 
point of attachment) of one leaf to that of the next, and 
so on, this line will wind spirally around the stem as it 
rises, and in the same species will always have just the 
same number of leaves upon it for each turn round the 
stem. That is, any two successive leaves will always 
be separated from each other by just an equal portion 
of the circumference of the stem. The distance in height between 
any two leaves may vaiy greatly, even on the same shoot, for that 
depends upon the length of the intemodes or spaces between each 
leaf; but the distance as measured around the circumference (in 
other words, the angular divergence^ or angle formed by any two 
successive leaves) is uniformly the same. 

185. The greatest possible divergence i:5, df course, where the 
second leaf stands on exactly the opposite side of the stem from the 
first, the third on the side opposite the second, and therefore over the 



FT6. 140. Piece of a branclilet of Pitch Pine, with three leaves in a fa9cicle or bundle, in 
tlie axil of a thin scale wliicli aiiewcr5^ to a primary leaf. The bundle is surrounded at tbo 
base by a short sheath, fonued of the delicate scales of the axillary bud. 
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first, and the fourth over the second. This brings all the leaves into 
two ranks, one on one side of the stem and one on tlie other; and 
is therefore called the two-ranked arrangement It occurs in alt 
Grasses, — in Indian Cora, for instance; also in the Spiderwort, the 
Bellwort (Fig. 131) and Iris (Fig. 132), in the Basswood or Lime- 
tree, &c This is the simplest of all arrangements. 

186. Next to this is the three-ranked arrangement, such as we 
see in Sedges, and in the Veratrum or White Hellebore. The plan 
of it is shown on a Sedge in Fig. 141, and in a diagram or cross- 
section underneath, in Fig. 142. Here the '" ^ 
second leaf is placed one third of the waj i 
round the stem, tlie third leaf two thirds of 

the way round, the fourth leaf accordingly ^ 

directly over the first, the fiflh over the 

second, and so on. That is, three leaves * 

occur in each turn round the stem, and they 

are separated from each other by one third 

of the circumference. 

187. The next and one of the most com- 
mon ia the _^()e-ro»ied arrangement; which ^ 
is seen in the Apple (Fig. 143), Cherry, 

Poplar, and thi greater part of our trees 
and shrubs. In this case the line traced 
from leaf to leaf will pass twice round the 
stem before it reaches a leaf situated di- 
rectly over any below (Fig. 144). Here 
the sixth leaf is over the first ; the leaves 
stand in five perpendicular ranks, equally 
distant from each other ; and the distance 
between any two successive leaves is just 
two fifths of the circumference of the stem. m 

188. The live-ranked arrangement s expressed by the fraction |, 
This fraction denotes the divergence of the successive leaves, i. e. the 
angle they form with each other r the numerator also expresses the 
number of turns made round the stem by the spiral line in complet- 
ing one cycle or set of leaves, namely it ; and the denominator gives 
the number of leaves in each cycle, or the number of perpendicular 
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ranks, namelj 5. In the same waj the fraction ^ stands for the 
Iwo^ranked mode, and ^ for the three-ranked : and so these different 
148 sorts are expressed by the series of fractions ^, 

•J, f . And the other cases known follow in the 

same numei-ical progression. 

189. The next is the eight^anked arrange- 
ment, where the ninth leaf stands over the firsts 
and three turns are made around the stem to 
reach it ; so it is expressed by Ihe fraction j< 
This is seen in the Holly, and in the common 
plantain. Then comes the thtrteen-ranked ar* 
rangement, in which the fourteenth leaf is over 
the first, after five turns around the stem. Of 
this we have a good example in the common. 
Houseleek (Fig. 146). 

190. The series so far, 
then, is i, ^, f , f , ^^ ; the 
numerator and the denomi- 
nator of each fraction being 
those of the two next pre- 
ceding ones added together. 
At this rate the next higher 
should be ^j, then ^5, and 
so on ; and in fact just such 
cases are met with, and (commonly) no others. 
These higher sorts are found in the Pine Fam- 
ily, both in the leaves and the cones (Fig. 324), 
and in many other plants with small and crowd- 
ed leaves. But the number of the ranks, or of 
leaves in each cycle, can here rarely be made 
out by direct inspection: they may be ascer- 
tained, however, by certain simple mathematical 
computations, which are rather too technical for 
these Lessons. 
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TIG, 143, Shoot with its leaves 5-iinked, the sixth leaf over the first ; as in the Apple-tree. 

flG. 144, Diagram of this arrangement, with a spiral line drawn from the attachment of 
one leaf to the next, and so on ; the parts on the side turned from the eye are fainter. 

FIG. 145, A ground-plan of the same ; the section of the leaves similarly numhered -, a 
ffotted line drawn from tlie etlue of one leaf to that of the next completes the spiral. 

FIG. 146. A young plant of the llou»!cleek, with the leaves (not yet expanded) numbered, 
and •xliibiling the Kl-ranked arrangement 
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191. The arrangement of opposite leaves (181) is usually very 
simple. The second pair is placed over the intervals of the first ; 
the third over the intervals of the second, and so on (Fig. 147) ; the 
successive pairs thus crossing each other, — 
commonly at right angles, so as to make four 
upright roVs. And whorled leaves (Fig. 148) 
follow a similar plan. 

192. So the place of every leaf on every plant 
is fixed beforehand by unerring mathematical 
rule. As the stem grows on, leaf after leaf ap- 
pears exactly in its predes- 
tined place, producing a per- 
fect symmetry ; — a symme- 
try which manifests itself not 
in one single monotonous 
pattern for all plants, but in 
a definite number of forms 
exhibited by different spe- 
cies, and arithmetically ex- 
pressed by the series of frac- 
tions, i, ^, f , f , fV> A> ^^"i according as the formative energy in 
its spiral course up the developing stem lays down at corresponding 
intervals 2, 3, 5, 8, 13, or 21 ranks of alternate leaves. 

193. Vernation, sometimes called PrtsfoUatioti, relates to the way 
in which leaves are disposed in the bud (180). It comprises two 
things ; — 1st, the way in which each separate leaf is folded, coiled, or 
packed up in the bud ; and 2d, the arrangement of the leaves in the 
bud with respect to one another. The latter of course depends very 
much upon the phyllotaxy, i. e. the position and order of the leaves 
upon the stem. The same terms are used for it as for the arrange- 
ment of the leaves of the flower in the flower-bud : so we may pass 
them by until we come to treat of the flower in this respect. 

194. As to each leaf separately, it is sometimes straight and 
open in vernation, but more commonly it is either bcTit, folded, or 
rotted up. When the upper part is bent down upon the lower, 
as the young blade in the Tulip-tree is bent upon the leafstalk, 
it is said to be inflexed or reclined in vernation. When folded 
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FIG. 147. Opposite leares of the Spindle-tree or Burning-bush. 
FIG. 148. Whorled or verticillate leaves of Galium or Bedstraw. 
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by the midrib so that the two halves are placed face to face, it is 
condupUcate (Fig. 149), as in the Magnolia, the Cherry, and the 
Oak : when folded back and forth like the plaits of a fan, it is plicate 
or plaited (Fig. 150), as in the Maple and Currant If rolled, 
it may be so either from the tip downwards, as in Ferns and the 
Sundew (Fig. 154), when in unrolling it resembles the head of a 
crosier, and is said to be circinate ; or it may be rolled up parallel 
with the axis, either from one edge into a coil, when it is convolute 
(Fig. 151), as in the Apricot and Plum, or rolled fom both edges 
towards the midrib; — sometimes inwards, when it is involute (Fig. 
15?), as in the Violet and Water-Lily ; sometimes outwards, when 
it is revoltUe (Fig. 153), in the Rosemary and Azalea. The figures 
are diagrams, representing sections through the leaf, in the way 
they were represented by Linnseus. 
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THE ARPaNGEMENT OF FLOWERS ON THE STEM, OR INFLO- 
RESCENCE. 

195. Thus far we have been considering the vegetcUion of the 
plant, and studying those parts, viz. root, stem, and leaves, by which 
it increases in size and extent, and serves the purpose of its indi- 
vidual life. But after a time each plant produces a different set of 
organs, — viz. flowers, fruit, and seed, — subservient to a different 
purpose, that is, the increase in numbers, or the continuance of the 



US80N 11.] IKDETERMINATE INFLORESCENCE. 77 

Species. The plant reproducer ib«ir in new individuals b^ seed. 
Therefore the teed, and the fruit in wliich the seed ia formed, and 
thejfcwer, from wliich the fruit results, are named the Organs of 
Reproduction or Fructijtcation. Tliese we may examine in succes- 
8ioD. We begin, of cour^, with the flower. And the first thing to 
consider is the 

196. MDiesceiin, or the mode of flowering, that is, the situatiwi 
and arrangement of blossoms on the plant. Various as this arrange- 
ment may seem to be, all is governed by a simple law, which is 
easily understood. As the position of every leaf is fixed beforehand 
by a mathematical law which prescribes where it shall stand (192), 
BO is that of every blossom ; — and by the same law in both cases. 
For flowers are buds, developed in a particular way ; and flower- 
buds occupy the position of leaf-buds, and no other As leaf-buds 
are either terminal (at the suqjmit of a stem or branch, 43}, or 
axillary (in the axil ofa leaf, 43], so likewise 

197. Flowers are either terminal or axillary. In blossoming as 
in vegeta^n we have only buds terminating (i. e. on the summit of) 
stems or branches, and buds from the axils of leaves. But while 
the same plant commonly produces both kinds of leaf-buds, it rarely 
bears flowers in both silualiona. These are usually either all aicil- 
lary or all termini; — giving rise to two classes of inflorescence, 
viz. the determinate and the indeterminate. 

198. Indelermlnate Inflorescence is that where the flowers all arise 
from axillary buds; as in Fig. 155, 156, 157, &c.; and the reaeoii 
why it is called indetermi- 
nate (or indejinite) is, that 

while the axillary buds 
give rise to flowers, the 
terminal bud goes on to 
grow, and continues the 
stem indefinitely. 

199. Where the flowers arise, as in Fig. 155, singly from the 
axils of the ordinary leaves of the plant, they do nc^ form flower- 
clusters, but are amllary and solitary. But when several or many 
flowers are produced near each other, the accompanying leaves are 
Dsually of smaller size, and often of a different shape or character 
then they are called bracti ; and the flowers thus brought together 

FIO. lU HHH^ort (Lynnucbim nnnimuliiii) of Un lardau, Willi uillur Oowur- 
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form one cluster or inflorescence. The sorts of inflorescence of the 
indeteiminate class which have received separate names are chiefly 
the following : viz. the Raceme, the Corymb, the Umbely the Spike, 
the Head, the Spadix, the Catkin, and the Panicle. 

200. Before illustrating these, one or two terms, of common oc- 
currence, may be defined. A flower (or other body) which has no 
stalk to support it, but which sits directly on the stem or axis it pro- 
ceeds from, is said to be sessile. If it has a stalk, this is called its 
peduncle. If the whole flower-cluster is raised on a stalk, this is 
called the peduncle, or the common peduncle (Fig. 156,/)); and the 

stalk of each particular flower, if it have any, is called 
the pedicel or partial peduncle {p'). The portion 
of the general stalk along which flowers are dis- 
posed is called the axis of inflorescence^ or, when cov- 
ered with sessile flowers, the rhachis (back-bone), and 
sometimes the receptacle. The leaves of a flower- 
cluster generally are termed bracts. But when we 
wish particularly to distinguish them, those on the 
peduncle, or main axis, and which have a flower in 
their axil, take the name of bracts (Fig. 156, h) ; and 
those on the pedicels or partial flower-stalks, if any, 
that ofbractlets (Fig. 156, b). 

201. A Raceme (Fig. 156, 157) is that form of flower- 
cluster in which the flowers, each on their own foot- 
stalk or pedicel, are arranged along a common stalk 
or axis of inflorescence ; as in the Lily of the Valley, 
Currant, Choke-Cherry, Barberry, &c. Each flower 
comes from the axil of a small leaf, or bract, which, 
"• however, is often so small that it might escape notice, 

and which sometimes (jis in the Mustard Family) disappears alto- 
gether. The lowest blossoms of a raceme are of course the oldest, 
and therefore open first, and the oixier of blossoming is ascending, 
from the bottom to the top. The summit, never being stopped by 
a terminal flower, may go on to grow, and often does so (as in the 
common Shepherd's Purse), producing lateral. flowers one after an- 
other the whole summer long. 

202. All the various kinds of flower-clusters pass one into another 
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FIG. 156 A Raceme, with a general peduncle (p), pedicels (p^t bracts (b\ and bract- 
lDta(*0. 
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bj intermediale gradations of every rart For iiiBtiince, if wa 
lengthen the lower pedicels of a raceme, and keep the mtun axis 
rather ghort, it is converted into 

203. A Corymb (Fig. 158). This is the same as a raceme, except 
that it is flat and broad, either convex, or level-topped, as in the 
Hawthorn, owing to the lengthening of the lower pedicels while the 
uppermost remain shorter. 

204. The m^n axis of a corymb is short, at least in comparison 
with the lower pedicels. Only suppose it to be so much contracted 
that the bracts are all brought into a cluster or drcte, and th« 
corymb becomes 

205. An Umbel (Fig. 150). — as in the Milkweed and Primrose, 
— a sort of flower-cluster whei-e the pedicels all spring apparently 
from the same point, from the top of the peduncle, bo as to resemble, 
when spreading, the rays of an umbrella, whence the name. Here 
(he pedicels are sometimes called the rx^j of the umbel. And the 
bracts, when brought in this way into a cluster or circle, form what 
b called an involucre. 



206. For the same reason that the order of blossoming in ft ra.- 
ceme is ascending (201 ), in the corymb and umbel it is centripetal, 
tluit is, it proceeds from the margin or circumference regularly to- 
wards the centre ; the lower flowers of the former answering to the 
outer ones of the latter. Indeterminate inflorescence, therefore, is 
said to be eentri|>eial in evolution. And by having this order of 
blossoming, all the sorts may be distinguished from those of the 
other, or the determinate class. In all the foregoing cases the 
flowers are raisiid on pedicels. These, however, are very short in 
many instances, or are wanting altc^ther ; when the flowers ard 
Mmfe (200). They are so in 

FIG. 1ST- A nana. US. A eaiyintL ISS. An umbtL 
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207. The SpUce. This is a flower-cluster with a more or less 
lengthened axis, along which the flowers are sessile or 
nearly so; as in the Mullein and the Tlantain (Fig, 160). 
It is just the 6am« as a raceme, therefore, without any 
pedicels to the flowers. 

208. The UcBd is a round or roundish cluster of flowen 

; which are sessile on a very short axis or receptacle, as in 

' the Button-ball, Button-bush (Fig. 161), and Red Clover. 

^ It is just what a spike would become if its axis were 

' shortened ; or an umbel, if its pedicels were all shortened 

' until tlie flowers became sessile or apparently go. The 

head of the Button-bush (Fig. 161) is naked ; but that of 

the Thistle, of the Dandelion, the Cichory (Fig. 221), 

and the like, is surrounded by empty bracts, which form 

an involucre. Two particular forms of the spike and the 

head have received particular names, namely, the ^>adix 

"* and the CatHn. 

209. K Spadll is nothing but a fleshy spike or head, with small 
and <^en imperfect flowers, as in the Calla, the Indian Turnip 



(Fig. 162), Sweet Flag, &c. It is commonly covered by a peculiar 
enveloping leaf, called a gpat/ie. 



FIO. 16S. Bpadii 
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210. A CaUun or Anient is the name given to the scaly sort of spike 
of the Birch and Alder, the Willow and Poplar, and one sort of 
flower-clusters of the Oak, Hickory, and the like ; — on which ao- 
count these are called Amentaceous trees. 

211. Sometimes these forms of flower-clusters become compound. 
For example, the stalks which, in the simple umbel such as has 
been described (Fig. 159), are the pedicels of single flowers, may 
themselves branch in the same way at the top, and so each become 
the support of a smaller umbel ; as is the case in the Parsnip, Cara« 
way, and almost the whole of the great family of what are called 
Umbelliferous (i. e. umbel-bearing) plants. Here the whole is 
termed a compound umbel; and the smaller or partial umbels take 
the name in English of umbellets. The general involucre, at the 
base of the main umbel, keeps that name ; while that at the base 
of each umbellet is termed a partial involucre or an involuceL 

212. So a corymb (Fig. 158) with its separate stalks branching 

again, and bearing smaller clusters of the same 
sort, is a compound corymb ; of which the Moun* 
tain Ash is a good example. A raceme where 
what would be the pedicels of single flowers 
become stalks, along which flowers are disposed 
on their own pedicels, forms a compound raceme, 
as in the Goat's-beard and the False Spikenard. 
But when what would have been a raceme or a 
corymb branches irregularly into an open and 
more or less compound flower-cluster, we have 
what is called 

213. A Panicle (Fig. 163); as in the Oat and 
in most common Grasses. Such a raceme as that 
of the diagram. Fig. 156, would be changed into 
a panicle like Fig. 163, by the production of a 
flower from the axil of each of the bractlets b, 

214. A Thyrsus is a compact panicle of a pyram- 
idal or oblong shape ; such as a bunch of grapes, 

183 or the cluster of the Lilac or Horsechestnut 

215. Determinate Iliflorescenee is that in wh?ch the flowers are from 
terminal buds. The simplest case is where a stem bears a soli- 
tary, terminal flower, as in Fig. 163'. This stops the growth of 
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the flower-clusters are centrifugnl, llmt ii<, are cymes or fascicles ; 
but they are themselves coinmoiil}' disposed in spikes or racemes, 
which are centripetal, or develop in succession from below up- 
wards. 



LESSON XIL 
THE flower: its parts or organs. 

323. Hating considered, in the hi^t Lcs5on, the arrangemetiL of 
flowers on the stem or the places from which lliey arise, we now 
direct our attention to the flower itself. 

224. Nalort and Use of the Flower. The object of the flower is the 
production of seed. The flower consists of all those parts, or organt, 
which are subservient to this end. Some of these parts are neces- 
sary (o the production of seed. Others serve merely to protect or 
support the more essential parts. 

FIG. ler. CfiM ut Iha WIM HyOruigu (wilh bmmI flomn ii Uh YK^aiKi 
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225. The Organs of the Flower are therefore of two kinds ; namely, 
first, the protecting organs, or leaves of the flower, — abo called the 
floral envelopes, — and, second, the essential organs. The latter are 
situated within or a little above the former, and are enclosed by them 
in the bud. 

226. The Floral Envelopes in a complete flower are double ; that is, 
they consist of two whorls (181), or circles of leaves, one above or 
within the other. The outer set forms the Calyx ; this more com- 
monly consists of green or greenish leaves, but not always. The 
inner set, usually of a delicate texture, and of some other color than 
green, and in most cases forming the most showy part of the blos- 
som, is tlie Corolla. 

227. The floral envelopes, taken together, are sometimes called the 
Perianth. This name is not much used, however, except in cc^:: 
where they form only one set, at least in appearance, as in the Lily, 
or where, for some other reason, the limits between the calyx and 
the corolla are not easily made out. 

228. Each leaf or separate piece of the corolla is called a Petal ; 
each leaf of the calyx is called a Sepal. The sepals and the petals 
— or, in other words, the leaves of the blossom — serve to protect, 
support, or nourish the parts within. They do not themselves make 
a perfect flewer. 

229. Some plants, however, naturally produce, besides their per- 
fect flowers, others which consist only of calyx and corolla (one or 
both), that is, of leaves. These, destitute as they are of the essential 
organs, and incapable of producing seed, are called neviral flowers. 
We have an example in the flowers round the margin of the cyme of 
the Hydrangea (Fig. 167), and of the Cranberry-Tree, or Snowball, 
in their wild state. By long cultivation in gardens the whole clustei' 
has been changed into showy, but useless, neutral flowers, in these 
and some other cases. What are called double flowers, such as full 
Roses (Fig. 173), Buttercups, and Camellias, are blossoms which, 
under the gardener's care, have developed with all their essential 
organs changed into petals. But such flowers are always in an 
unnatural or monstrous condition, and are incapable of maturing 
seed, for want of 

230. The Essenlial Organs. These are likewise of two kinds, placed 
one above or within the other; namely, first, the Stamens or fertil- 
izing organs, and, second, the Pistils, which are to be fertilized and 
bear the seeds. 

8 
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i31. Taking them in eucceeaion, therefore, beginning from below, 

or at tlie ouuide, we have (Fig. IGA, IG^). first, the ea^ or ouler 

cirule of leaves, wliich are individually 

, teiined s^als {a) ; Beeondly, the corolla 

or inner cii-cle of delicate leaves, called 

pettiU (Ir) ; iLen a set of tlamens (c) ; 

and in the centre one or more pistiU {d). 

The end of the flower-stalk, or the short 

in axis, upon which all these parts stand, ia 

called the Torui or Receptacle. _ * ' 

232. We use here for illus- r; i 

tration ihe flower Oi" a spe- > 
ciea of Sionecrop (Sedum ter- 
natum), — which is a com- 
mon plant wild in the Middle 
States, and in gardens almost 
everywhere, — because, al- 
though small, it exhibits all 
the parts in a perfectly simple and separate state, and so answers for 
a sort of pattern flower, belter than any larger one that is common 
^^ *■■ ' and well known. 

' ll^i / 233, A Staroen consists of two pai-ts, 

'■'^ /[ ' naraely,thei^i7amen(orsinlk (Fig. 170, 

' -ft ^ --,^ *)' ""'' *^^ AtUker (J). The latter is 

l\ ^^P^ commonly with two lobes or cells, each 

II ^^ opening lengthwi^ by a slit, at the 

"° "' proper time, and discharging a pow- 

der or dust-like substance, usually of a yellow color. This powder 
ia the Pollen, or fertilizing matter, to produce which is the sole office 
of the stamen. 

234. A Pistil is distinguished into three parts; namely, — beginning 
from below, — the Oeary, the Siffle, and the Stigma. The Ovary ia 
the hollow case or young jxmI (Fig. 171, a), containing rudimentary 
seeds, called Ovules {d). Fig. 172, representing a pistil like that ot 

P[C. ica. Flower griSionecmp: Sediim Icrnitiim. 

FIG. IC9. Two parti of ncli kind of llio iBine Nowsr, dUpliyHl and eiilirjed. 
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Fig. 169, d, hut on a larger scale, and wilh the ovary cut across, 
shows the ovules as they appear in a transverse 
section. The ityh (Kig. 171, h) is the tapering 
partabove, sometimes long and slender, sometimes 
short, and not rarely aliogether wanting, /oi- it is 
not an essential part, like the two others. Tlie 
itigma (n) is the tip or some other portion of the 
style (or of the top of the ovary when there is no 
distinct style), consisting of loose tissue, not cov- 
ered, like the rest of tlie plant, by a skin or epi- 
dermis. It is upon the stigma that the pollen 
&lls ; and the result is, that the ovules contained 
in the ovary are fertilized and become seeds, by 
having tm embryo (iC) formed in them. To the 
pistil, therefore, all the other organs of the blos- 
som are in some way or other subservient; the 
stamens furnish [K)llen to fertilize its ovules; the 
corolla and the calyx form coverings which pro- "* 

tect the whole. 

" 234*. These are all the parts which belong lo any flower. But 
these parts appear under a variety of forms and combinations, some 
of them greatly disguising their natural appearance. To understand 
the flower, therefore, under whatever guise it may assume, we must 
study.'" plan. 
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235. The Flower, like every other part of the plant, is formed 
upon a plan, which is essentially the same in all blossoms ; and the 
student should early get a clear idea of the plan of the flower. Then 
the almost endless varieties which different blossoms present will be 
at once understood whenever they occur, and will be regai*ded with 
a higher interest than their most beautiful forms and richest colors 
are able to inspire. 

236. We have already become familiar with the plan of the vege- 
tation; — with the stem, consisting of joint raised upon joint, each 
bearing a leaf or a pair of leaves ; with the leaves arranged in sym- 
metrical order, every leaf governed by a simple arithmetical law, 
(vhich fixes beforehand the precise place it is to occupy on the stem ; 
and we have lately learned (in Lesson 11) how the position of each 
blossom is determined beforehand by that of the leaves ; so that the 
shape of every flower-cluster in a bouquet is given by the same sim- 
ple mathematical law which arranges the foliage. Let us now con- 
template the flower in a similar way. Having just learned what 
parts it consists of, let us consider the plan upon which it is made, 
and endeavor to trace this plan through some of the various forms 
which blossoms exhibit to our view. 

237. In order to give at the outset a correct idea of the blossom, 
we took, in the last Lesson, for the purpose of explaining its parts, a 
perfect, camplete, regvlar, and symmetrical flower, and one nearly as 
simple as such a flower could well be. Such a blossom the botanist 
regards as 

238. A Typical Flower, that is, a pattern flower, because it well ex- 
emplifies the plan upon which all flowers are made, and serves as 
what is called a type, or standard of comparison. 

239. Another equally good typical flower (except in a single re- 
spect, which will hereafter be mentioned), and one readily to be ob- 
tained in the summer, is that of the Flax (Fig. 174). The parts 
differ in shape from those of the Stonecrop ; but the whole plan is 
evidently just the same in both. Only, while the Stonecrop has ten 
stamens, or in many flowers eight stamens, — in all cases just twice 
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as many as there are petals, — the Flax has only five stamens, vf 
just as many as the petals. Such flowers as these are siud to tw 

Perfect, liecause they are 
provided with both kinds of 
essential organs (230), namely, 
stamens and pistils ; 
I Oamplete, because they have 
all the »»is of oi^ns which 
any flower has, namely, both 
calyx and corolla, as well as 
stamens and pistib ; 

Regular, because all the parts m ' 

of each set are alike in shape and size ; and 

Symmetrical, because ihey have an trqual ntimber of parts of nac'i 
Bort, or in each set or circle of 
oi^ans. That is, there are five 
sepals, five petals, five stamens, 
or in the Stonecrop ten stamens 
(namely, two sets of five each], 
and five pistils. 

240. On the other hand, 
many flowers do not present 
this perfect symmetry and reg- '" 

n, ularity, or this eorapleteness of parts. Accord- 

ingly, we may have 
-241. Iinptrfect) or Separated Flowera ; which are 
J^ those whei'e the stamens and pistils are in separate 
^ blossoms ; that is, one sort of flowers has stamens 
and no pistils, and another has pistils and no sta- 
mens, or only imperfect ones. The blossom which 
has stamens but no pistils is called a ttamr'naie or 
tlerile flower (Fig. 176) ; and the corresponding 
e with pistils but no stamens is called a pistil- 
late or ferlile flower (Fig. 177). The two sorts 
may grow on distinct plants, from difierent roots, 
as they do in the Willow and Poplar, the Hemp, and the Moonseed 
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(Fig. 176, 177) ; when the flowers are siud to be diadow (from two 
Gre^ words meaning in two households). Or the two may occur 
on the same plant 
or the same stem, 
as in the Oak, 
_ Walnut, Nettle, 
and the Castor-oil 
Plant (Fig. 178); 
when the flowers 
are said to be mo- 
isehold). A flower 
that is, have both 
. be incompltte. 
are those in which 
loral envelopes, or 
B wanting. Some- 
ranting, as in the 
) and in the Anem- 
'" one (Fig. 179). In this case the missing 

«ort 18 always supposed to be the inner, that is, the curolla ; and 
accoidiiigly such flowers ar-i said to be apelahus (meaning without 
petals). Oceasioniiily bolh the corolla and the calyx are wanting, 
when the flower has no proper cover- 
ings or floral envelopes at all. It is then 
fiaid tfl be naked, as in ihc Lizard's- 
tail (Fig. 180), and in the Willow. 

243- Our two pattern flowers (Fig. 

168, '74) are regular and symmetrical 

(239). Wecommonly 

/ expect this lo be the 

case in livinc; things. 

The corresponding 

parts of plants, like the limbs or members of ani- 
mals, are generally alike, and the whole arrange- 
"• ment is symmetrical. This symmetry pervades 

the blossom, espedally. But the student may otlen fail to perceive 

tllO Cf'tor-uU rjanl, growing on lh« Mmfl aWm. 
FIG. 179. ApeliLnii (hiniiliploH) flower of AnomonB Peniiijrlv»nic». 
FIG. leo. A Diked Ibui psrfMO Oi 
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it, at first view, at least in cases where the plan is more or lest 
obscured by the leaving out {obliteration) of one or more of the 
members of the same set, or by some in- g, 

equality in their size and shape. The 
latter circumstance gives rise to 

244. Imgnlar Flowcn. This name is 
given to blossoms in which the difierent 
members of the same sort, as, for exam- 
ple, the petals or the stamens, are unlike 
in size or in form. We have familiar 
isofthe 




(Fig. 185, 
186); also 

in the Vio- '" 

let (Fig. 181, 182). In the latter it 
is the corolla principally which is ir- 
regular, one of the petals being larger 
than the rest, and extended at the 

' base into a hollow protuberance or 

spnr. In the Larkspur (Fig. 183), 

both the calyx and the corolla par- 

, /^ take of the irregularity. This and 

'' the Monkshood are likewise good ex- 
amples of 

245. CMynunrtrieal Flowen. We 

call them unsym metrical, when the 
different Bets of organs do not agree 
in the number of their parts. The 
irregular calyx of Larkspur (Fig. 183, 184) consists of five sepals, 
one of which, larger than the rest, is prolonged behind into a large 
spur; but the corolla i^ made of only four petals (of two shapes); 
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the fifih, seeded to complete the Bymmetiy, being left out. And 
die Monkshood (Fig. 183, 186) has five very disBimiior eepuls, 
iM and a corolla of only two, very emaEI, 

curiously-shaped petals ; the thiee need- 
ed to make up the Eymmetry being letl 
out. For a flower which is unsymmet- 
ricat but regular, we may lake the com- 
mon Purslane, which has a calyx of 
only two sepals, but a corolla of five 
petals, from seven to twelve slamcns^ 
and about six styles. The Mustard, 
and all flowers of that family, are un- 
symmetrical as to the stamens, these 
being six in nuihber (Fig. 188, while 
the leaves of the blossom (sepals and 
pi-.taU) are each only four ,„ 

(Fig. 187). Here the 

irregular aiso, SiiXV)/ ,r^ 





'o of thero being shorter 
I than the other four. 

246. Numerital Plan of 
the Floww. Although not 
to make out in all ' 
1, yet generally it is 
'" plain to see that each 

blossom is based upon a particular number, which 
runs through oil or most of its parts. And a prin- 
cipal thing which a botanist notices when examin- 
ing a flower is its numerical plan. It is upon this 
that Ihe symmetry of the blossom depends. Our two 
pattern flowei-s, the Stonecrop (Fig. 168) and the 
Flax (Fig. 174), are based upon the number five, "• 

which is exhibited in all their parts. Some flowers of this same 
Stonecrop have their parts la fours, and then that number runs 
throughout ; namely, there are four sepals, four petals, eight stamens 
(two sets), and four pistils. The Mustard (Fig. 187, 188), Radish, 
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&C., also have Iheir flowers constructed on the plan of four as lo tho 
calyx and corolla, but thia number is iuterfered with in the slamens, 
either by the leaving out of two sla- 
mens (which would complete two sets), . 
or in some other way. Nest to five, * 
the most common number in flowers 
is three. On this number the flowers 
of Lily, Crocus, Iris, Spiderwort, and 
Trillium (Fig. 189) are constructed. • 
In the Lily and Crocus the leaves of 
the flower at first view appear lo be 
six in one set ; hut the bud or just* ■■» 

opening blossom plainly shows these lo consist of an outer and an 
inner drcle, each of three parts, namely, of calyx and corolla, both ol 
the same bright color and delicate texture. In the Spiderwort and 
Trillium (Fig. 189) the three outer 
leaves, or sepals, are green, and dif- 
ferent in texture from the three inner, 
or the petals ; the stamens are six 
(namely, two sets of three each), and 
the pistils thr<;e, though partly grown 
together into one mass. '** 

247. AlteniaUon of Paris. The symmetry of the flower is likewise 
shown in the arrangement or relative position of successive parts. 
The rule is, that the parts of successive circles okemate with one 
another. That is, the petals stand over the intervals between the 
sepals ; the stamens, when of the same number, 
stand over the intervals between the petals ; or 
when twice as many, as in the Trillium, the 
] outer set alternates with the petals, and the 
inner set, alternating with the other, of course 
stands before the petals ; and the pistils altei'' 
nate with these. This is shown in Fig. 189, 
and in tlie diagram, or cross-section of the same in the bud, Fig. 190. 
And Fig. 191 is a similar diagram or ground-plan (in the form of a 





FIG. 189. Flower of TrlULim frMluin, or Birthroot, >pr»d oul 1 1 
■bave 

FIG. ISO. DiagiBin or grounii-plfln of ilio ■rniio, u il would ippei 

Flo. ISl. Dis(iuu,or(n)iuiil-|iI>o,<fllie Flu .dower, Fi|. 174. 
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section made across the bud) of the Flax blossom, the example of a 
pattern symmetrical flower taken at the beginning of this Lesson, 
with its parts all in fives. 

248. Knowing in this way just the position which each organ 
should occupy in the flower, it is readily understood that flowers 
often become unsymmetrical through the loss of some parts, which 

belong to the plan, but are obliterated 
or left out in the execution. For ex- 
ample, in the Larkspur (Fig. 183, 
184), as there are five sepals, there 
should be ^ve petals likewise. We 
find only four ; but the vacant place 
where the fitlh belongs is plainly reo- 
i« M9 ognized at the lower side of the flower. 

Also the similar plan of the Monkshood (Fig. 186) equally calls for 
five petals ; but three of them are entirely obliterated, and the two 
that remain are reduced to slender bodies, which look as unlike or- 
dinary petals as can well be imagined. Yet their position, answer- 
ing to the intervals between the upper sepals and the side ones^ 
reveals their true nature. All this may perhaps be more plainly 
shown by corresponding diagrams of the calyx and corolla of the 
Larkspur and Monkshood (Fig. 192, 193), in which the places of 
the missing petals are indicated by faint dotted lines. The oblitera- 
tion of stamens is a still more common case. For example, the 
Snapdragon, Foxglove, Gerardia, and almost all flowers of the 
large Figwort family they belong to, have the parts of the calyx 
and corolla five each, but only four stamens (Fig. 194) ; the place 
on the upper side of the flower where the fifth stamen belongs is 
vacant. That there is in such cases a real obliteration of the miss^ 
ing part is shown by the 

249. AbortiTe Organs^ or vestiges which are sometimes met wiih ; 
— bodies which stand in the place of an organ, and represent it, 
although wholly incapable of fulfilling its office. Thus, in the Fig- 
wort family, the fifth stamen, which is altogether missing in Gerardia 
(Fig. 194) and most others, appears in the Figwort as a little scale, 
and in Pentstemon (Fig. 195) and Turtlehead as a sort of filament 
without any anther ; — a thing of no use whatever to the plant, but 

FIG. 193. Diagram of the calyx and corolla of a Larkspur. 193. Similar diagram of 
Monkshood. The dotted lines show where the petals are wanting ; one in (ha former, thre* 
in the lattar. 
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very interesting to the botanist, since it completes the Bymmetiy of 
the blossom. And to show that this really is the lost stamen, it 
now and then bears an anther, or the rudiment of one. So tb» 
flower of Catalpa should likewise have five stamens ; but we seldom 
find more than two good ones. Still we )*> 

may generally discern the three others, 
as vestiges or half-obliterated stamens 
(Fig. 196). In separated flowers the 
rudiments of pistils are oAen found in 
the sterile blossom, and rudimentary sta- 
mens in the fertile blossom, as in Moon- 
seed (Fig. 177). 

250. Maltipliealioi! of Parlt. Quite ia 

the opposite way, the simple plan of the 
flower is often more or less obscured by [ 
an increase in the number of parts. In 
the White Water-Lily, and in many 
Cactus-flowers (Fig. 197), all the parts 
are very numerous, so that it is hard 
to say upon what number the blos- 
som is constructed. But more com- 
raorly Ro-ne of the sets are few and 
definite in the number of their parts. . 
The Buttercup, for instance, has five ^ 
Bepab and five petals, but many sta- ^ 
mens and pistib ; so it ia built upon 
the plan of five. The flowers of Mag- 
nolia have indefinitely numerous stamens 
and pistils, and rather numerous floral im 

envelopes ; but these latter are plainly distinguishable into sets of 
three ; namely, there are three se^ls, and six petals in two circles, 
or nine in three circles, — showing that these blossoms are con- 
structed on the number three. 

ii laid open, nbciwiDf tliB (bur BtuQAiii i tba onv 
d he, if pteeenl. 

il amnions of PenlBUmon Enndtflami of Iowa, tt-c, with 
I flnh KiHmen, and FeprHflDttnir il. 
d iipflii, diaj^Jaying two good iUmBUi uil Itana abwtiw 
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MORPHOLOGV OF THE 

251. In all the plant till we came lo Ihe blossom wv found nothing 
but root, stem, and leaves (23, 118). However vaii_u3 or sit-angc 
their ehapea, and whatever tlieir use, everything belongs lo one of 
Ihese three organs, and everything above ground (excepting the rare 
case of aerial roots) is either stem or leaf. We discern the stem 
equally in the stalk of an herb, the trunk and branches of a tree, the 
trailing or twining Vine, the straw of Wheat or other Grasses, the 
columnar trunk of Palms (Fig- 47), in the ftaltened joints of the 
Prickly-Pear Cactus, and the rounded body of the Melon Cactus 
(Fig. 76). Also in the slender runners of the Strawberry, the 
tendrils of the Grape-vine and Virginia Creeper, the creeping 
subterranean shoots of the Mint and Couchgrass, the tubers of the 
Potato and Artichoke, the solid bulb of the Crocus, and the solid 
part or base of scaly bulbs ; as is fully shown in Le.=?on 6. And in 
Lesson 7 and elsewhere we have learned to rfcognize the leaf alike 
in the thick seed-leaves of the Almond, Bean, Horsechestnut, and Ihe 
like (Fig. 0-24), in the scales of buds (Fig. 77), and the thickened 

Pia. IST. A Cunu-aaw«, Wz. «r Hunillulii ciu^lou at Uh V/him HnBim 
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scales of bulbs (Fig. 73-75), in the spines of the Barberry and the 
tendrils of the Peji, in the fleshy rosettes of the Houseleek, the 
strange fly-trap of Dionaea (Fig. 81), and the curious pitcher of Sar- 
racenia (Fig. 79). 

252. Now the student who understands these varied forms or 
metamorphoses of the stem and leaf, and knows how to detect the 
real nature of any part of the plant under any of its disguises, 
may readily trace the leaf into the blossom also, and perceive that, 
as to their morphology, 

253. Flowers are altered Branches, and their parts, therefore, altered 
leaves. That is, certain buds, which might have grown and length- 
ened into, a leafy branch, do, under other circumstances and to ac- 
complish other purposes, develop into blossoms. In these the axis 
remains short, nearly as it is in the bud ; the leaves therefore remain 
close together in sets or circles ; the outer ones, those of the calyx, 
generally partake more or less of the character of foliage ; the next 
set are more delicate, and form the corolla, while the rest, the sta- 
mens and pistils, appear under forms very different from those of 
ordinary leaves, and are concerned in the production of seed. This 
is the way the scientific botanist views a flower ; and this view gives 
to Botany an interest which one who merely notices the shape and 
counts the parts of blossoms, without understanding their plan^ has 
no conception of. 

254. That flowers answer to branches may be shown first from 
their position. As explained in the Lesson on Inflorescence, flowers 
arise from the same places as branches, and from no other ; flower- 
buds, like leaf-buds, appear either on the summit of a stem, that is, 
as a terminal bud, or in the axil of a leaf, as an axillary bud (196). 
And at an early stage it is often impossible to foretell whether the 
bud is to give rise to a blossom or to a branch. 

255. That the sepals and petals are of the nature of leaves is 
evident from their appearance ; persons who are not botanists com- 
monly call them the leaves of the flower. The calyx is most gen- 
erally green in color, and foliaceous (leaf-like) in texture. And 
though the corolla is rarely green, yet neither are proper leaves 
always green. In our wild Painted-Cup, and in some scarlet Sages, 
common in gardens, the leaves just under the flowers are of the 
brightest red or scarlet, often much brighter-colored than the corolla 
itself. And sometimes (as in many Cactuses, and in Carolina All- 
spice) there is sueh a regular gradation from the last leaves of the 

9 
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plant (bracts or bractlets) into the leaves of the Cjdjx, that it is im- 
possible to say where the one ends and the other begins. And if 
sepals are leaves, so also are petals ; for there is no clearly fixed 
limit between them. Not only in the Cai*olina Allspice and Cactus 
(Fig. 197), but in the Water-Lily (Fig. 198) and a variety of 
flowers with more than one row of petals, there is such a complete 
transition between calyx and corolla that no one can surely tell how 
many of the leaves belong to the one and how many to the other. 

256. It is very true that the calyx or the corolla often takes the 
form of a cup or tube, instead of being in separate pieces, as in Fig. 
194 — 196. It is then composed of two or more leaves grown 
together. This is no objection to the petals being leaves ; for the 
same thing takes place with the ordinary leaves of many plants, as, 
for instance, in the upper ones of Honeysuckles (Fig. 132). 

257. That stamens are of the same general nature as petals, and 
therefore a modification of leaves, is shown by the gradual transitions 
that occur between the one and the other in many blossoms ; es- 
pecially in cultivated flowers, such as Roses and Camellias, when 
they begin to double, that is, to change their stamens into petals. 
Some wild and natural flowers show the same interesting transitions. 
The Carolina Allspice and the White Water-Lily exhibit complete 
gradations not only between sepals and petals, but between petals 
and stamens. The sepals of the Water-Lily are green outside, but 
white and petal-like on the inside ; the petals, in many rows, grad- 
ually grow narrower towards the centre of the flower ; some of these 
are tipped with a trace of a yellow anther, but still are petals ; tho 
next are more contracted and stamen-like, but with a flat petal-like 
filament ; and a further narrowing of this completes the genuine sta- 
men. A series of these stages is shown in Fig. 198. 

258. Pistils and stamens now and then change into each other in 
some Willows ; pistils often turn into petals in cultivated flowers ; 
and in the Double Cherry they occasionally change directly into 
small green leaves. Sometimes a whole blossom changes into a 
cluster of green leaves, as in the " green roses " which are occa- 
sionally noticed in gardens, and sometimes it degenerates intp a 
leafy branch. So the botanist regards pistils also as answering to 
leaves, And his idea of a pistil is, that it consists of a leaf with its 
Tnargii^s curved inwards till they meet and unite to form a closed 
cavity, the ovary, while the tip is prolonged to form the style and 
bear the stigma ; as will be illustrated in the Lesson upon the PistiL 
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259. Moreover, the arrangement of the parts of the flower aiwirera 
to that of Itaves, as illustruted in Lesson 10, — either to a succes- 
sion of whorls alternating witli each other in the manner of wborled 
leaves, or in some regular form of spiral arrangement. 



LESSON XV. 
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260. Having studied the flower as a whole, we proceed to con- 
nder more particularly its Eeversl parts, especiallj as to the principal 
differences ibey present in different plants. We naturally begin 
wiA the leaver of the bloaom, namely, the calyx and corolla. And 
fii^t as to 

261. The Growing lo^ther at Parb. It is this more than anything 
else which prevents one from taking the idea, at first sight, that the 
flower is a sort of very short branch clothed with altered leaves. 
For most blossoms we meet with have some of their organs grown 
tcgether more or less. We have noticed il as to the corolla of Ge- 
rardia, Catalpa, ke. (Fig. 194 - 196), in Lesson 13. This growing 
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tt^ether takes place in two waja : eilher parts of the same kind, 
or parts of different kinds, may be united. The first we may call 
eimply the union, the second the contoli- 
, dalion, of parts. 

262. UuiDD or Cohesion u'l'A ime another 
o/parit of the same sort. We very com- 
monly find that the calyx or the corolla 
is a cup or tube, instead of a set of leaves. 
Take, for example, the flower of the Stra- 
monium ur Thorn-Apple, where both the 
calyx and the corolla are so (Fig. 199); 
likewise the common Moming-Glory, and 
the figures 301 to 203, where the leaves 
of the corolla are united into one piece, 
but those of the calyx are separate. Now 
there are numerous cases of real leaves 
growing together much in the same 
way, — those of the common Thorough* 
wort, and the upper pairs in Woodbines 
or Honeysuckles, for example (Fig. 132) j 
"* so that we might expect it to occur in 

the leaves of the blossom also. And that this is the right view to 
take of it plainly appears from the transitions everywhere met with 
in difierent plants, between a calyx or a corolla of separate pieces 
and one forming a perfect lube or cup. Figures 200 to 203 show 
one complete set of such gradations in the corolla, and Fig. 204 to 
206 another, in short and open corollas. How many leaves or petals 
each corolla is lormed of may be seen by the number of points or 
tips, or of the notches (called smases) which answer to the inter- 
vals between them. . 

263. When the parts are united in this way, whether much or 
little, tlie corolla is said to be manopetalous, and the calyx mono- 
iepahus. These terms mean "of one petal," or "of one sepal"; 
that is, of one piece. Wherefore, taking the corolla or the calyx 
as a whole, we say that it is ported when the parts are separate 
almost to the base, as in Fijr. 204 ; cle/t or lobed when the notches 
do not extend below the middle or thereabouts, as in Fig. 205 ; 

riG. 199. Pkiw»r nf Ihs common BinniDiiiuin ; both liia cilyi uid Uie conlla with Umu 
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toothed or dentate^ wlieii only the tips are separate as short ytoiiUs 
entire^ when the border is even, without points or notches, as in tho 




common Morning-Glory, and very nearly so in Fig. 203; and no 
on ; — the terms being just the same as those applied to leaves and 
all other fiat bodies, and illustrated in Lessons 8 and 9. 

264. There is a set of terms applied particularly to calyxes, 
corollas, or other such bodies of one piece, to express their general 
shape, which we see is very various. The following are some of 
the principal : — 

Wheel-shaped, or rotate ; when spreading out at once, without a 
tube or with a very short one, something in the shape of a whci'l 
or of its diverging spokes, {is in the corolla of the Potato and Bitter- 
sweet (Fig. 204, 205). 

Salver-shaped, or salver-form ; when a flat-spreading bonier is 
raised on a narrow tube, from which it diverges at right angles^ 
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like the salver represented in old pictures, with a slender handle 
beneath. The corolla of the Phlox (Fig. 208) and of the Cypress^ 
Vine (Fig. 202) are of this sort 

FIG. 300. Corolla of Soapwort (the name in Pink«, tec, ) * of 5 ■eptraf «, long •elawed fwUlt, 
FIG. 301. Flower of Gilia or Ipomopwu eoronopifbUa ; Um part* antwaring to tlia elawt 

of the petals of the last flsure here all united Into a tube. 
FIG. 303L Flower of tbe CypreM-Vine ; tlie petals a liule farther onited into • flve'ldbed 

spreading; border. 
FIG. 303. Flower of the small 0ear1et Mominf-CHory, the Aire petal* ft is eompnp#d f4 

perfectly united into a tntmpet-shaped tube, with the spreading border nearfy eren (or «nfkf)* 
FIG. 904. Wbeel-ebaped and Ifre-parted eorotia of Bittersweet (^ilannm Ihikamcr»)# 
FIG. 30S. Wheel-sbaped and tfre-eleft romlla of the eofmnon Potito* 
FlO. 90S. Afaapst —tiie and yery opw bel l shap ed conotte of aOfwtad Cfctfy (,fky§aM 

9» 
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Bell-shaped^ or campanulate ; where a short and broad tube 
widens upward, in the shape of a bell, as in Fig. 207. 

Funnel-shaped, or funnel-form ; gradually spreading at the sum- 
mit of a tube which is narrow below, in the shape of a funnel or 
tunnel, as in the corolla of the common Morping-GIory, and of the 
Stramonium (Fig. 199). 

Tubular ; when prolonged into a tube, without much spreading at 
the border, as in the corolla of the Trumpet Honeysuckle, the calyx 
bf Stramonium (Fig. 199), &c 




265. In most of these cases we may distinguish two parts; namely, 
the tuhe^ or the portion all in one piece and with its sides upright or 
nearly so ; and the border or lim\ the spreading portion or summit 
The limb may be entire, as in Fig. 203, but it is more commonly 
lobed^ that is, partly divided, as in Fig. 202, or parted down nearly 
to the top of the tube, as in Fig. 208, &c 

266. So, likewise, a separate petal is sometimes distinguishable 
into two parts ; namely, into a narrowed base or stalk-like part (a? 
in Fig. 200, where this part is peculiarly long), called the claw^ and 
a spreading and enlarged summit, or body of the petal, called the 
lamina or blade. 

267. When parts of the same set are not united (as in the Flax, 
Cherry, &c., Fig. 212-215), we call them distinct. Thus the sepals 
or the petals are distinct when not at all united with each other. As 
a calyx with sepals united into one body is called monosepahus (263, 
that is, one-sepalled). or sometimes monophylhus, that is, one-leaved ; 
so, on the other hand, when the sepals are distinct, it is said to be 

PIG. 5J07. Flower of the Harebell, with a campanulate or bell-shaped corolla. SJOB. Of « 
Phlox, with Balver-phaped corolla. 209. Of Dead-Nettie (Lamium), with labiate rUi^ent (of 
raping) corolla. 210. Of Snapdragon, with labiate peraonaU corolla. SU. Of Toad-Flax, 
with a mmilar corolla apurred at the base. 
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polysfjialovt, that is, composed of several or manj sepals. And a 
cnrolla with distinct petals i^ said to be polffpetaloiu. 

268. ConsoUdlliOD, the growing together of the parts of two or more 
different sets. In the most natural or pattern flower (aa explained 
in Les!ions 13 and 14), tlie 

several parts rise from the 

receptacle or axis in succes- f 

dion, like leaves upon a very \ 

short stem ; the petals just 

above or witliin the eepaU, 

tlie stamens just above or 

vrithin these, and then the 

pistils nest the summit or "" 

centre. Now when contiguous parts of different sorts, one within 

the other, unite at their base or origin, it obscures more or less the 

plan of the flower, by consolidating organs which in the pattern 

flower are entirely separate. b„ 

269. The nature of this con- 
solidation will be at once un- 
derstood on comparing the fol- 
lowing series of illustrations. 
Fig. 212 represents a flower of 
the common Flax, cut through 
lengthwise, so as to show the 
attachment (or what the bot- 
anist calls the insertion) of all 
the parts. Here they an; all 
iiuerted on, that is grow out , 
of, the receptacle or axis ofi^ 
the blossom. In other words, 
there is no union at all of the 
parts of contiguons circles. So 

the parts are said to be free. <>• 

And the sepals, petals, and stamens, all springing of course from 
beneath the pistils, which are on the very summit of the axis, are 
said to be kypog^nous (a term composed of two Greek words, mean- 
ing " under the pistil "), 

FIG. 312. A FliiHower, cut thnwfh lanphwiK. 

Fia 913. FJower of m Cheny, dJiidsd in Um ume w>r. 

FIG. 914. FIowwdfUWMHtimooFiiitiww, divided tanfltairta*. 
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270. Fig. 213 is a flower of a Cherry, cut through leogthwise in 
the same way. Here the petab and the etamens grow out of, that 
is, are interted on, the calyx; in other words ihej cohere or are 
consolidated with the base of ihe calyx up to a certain height. In 
euch cases they are said to be perigynou* (from two Greek words, 
meaning around the pistil). The consolidation in the Cherry is con- 
fined lo the calyx, corolla, and stamens : the catyx is still free from 
the pistil. One step more we have in 

271. Fig. 214, which is a similar section of a flower of a Purslane. 

Here the lower part of the 
calyx (carrying with it of 
, course the peials and sramens) 
) is coherent with ihe suiface of 
the whole lower half of the 
ovary. Therefore the calyx, 
seeming to rise from the mid- 
dle of the ovary, is said to be 
"* half superior, instead of being 

inferior, as it is when entirely free. It is better to say, however, 
caiyx luUf-adherent to the ovary. Every gradation occurs between 
such a case and that of a calyx 
altogether free or inferior, as 
we see in different Purslanes 
and Saxifrages, The consol- 
idation goes farther, 

272. In the Apple, Quince, 
Hawlhom (Fig. 215), Six. 
Here the tube of the calyx 
is consolidated with the whole 
an surface of the ovary ; and it* 

limb, or free part, therefore appears lo spring from its top, instead of 
underneath it, as it naturally should. So the calyx is said lo be 
superior, or (more properly) adherent to, or coherent with, the ovary. 
In most cases (and very strikingly in the Evening Primrose), Ihe 
tube of the calyx is continued on more or less beyond the ovary, 
and has the petals and stamens consolidated with it for some dis- 
tance ; these last, therefore, being borne on the calyx, are said to 
be perigynout, as before (270). 
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273. But if the tube of the calyx ends immediatelj at the summit 
of the ovary, and its lobes as welt as tlie corolla and stamens are as 
it were inserted directly on the ovary, they are said to be epigynout 
(meaning on the pistil), as in Comel, the Huckleberry, and the Cran- 
berry (Fig. 21 G). 

274. Irreglllarlly of Parts in the calyx and corolla has already been 
noticed (244) as sometimes obstructing one's view of the real plan of 
a flower. There is infinite variety in this respect; but what has 
already been said will enable the student to understand these irreg- 
ularities when ihey occur. We have only room to mention one or 
two cases which have given rise to 

particular names. A very common 
I(ind, among polypelalous (267) 
flowers, is 

275. The Popi/iimaceow* flower 
of the Pea, Bean, and nearly all 

that family. In Ihii we have an m 

irregular corolla of a peculiar shape, which Linnjeus likened to a 
butterfly (whence the term, papilio being the Latin name for a but- 
terfly) i but the resemblance is 
not very obvious. The five pet- 
als of a papilionaceous corolla 
(Fig. 217) have, received different 
names taken from widely different 
objects. The upper and larger 
petal (Fig. 218, s), which is gen- 
erally wrapped round all the rest 
in the bud, is called the ilandard ! 
or bariaer. The two side petals 
(w) are called the wingt. And 
the two anterior ones (i), the 
blades of which commonly stick 
together a little, and which en- '" 

close the sttunens and pistil in the flower, from their forming a 
body shaped somewhat like the keel, or rather the prow, of an 
ancient boat, are together named the keel 

276. The Labiate or hiiahiate (that is, two-lipped^ flower is a very 
1 form of the mgnopetalous corolla, as in the Snapdragon 
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(Fig. 210), Toad-Flax (Fig. 211), Dead-Netlle (Fig. 200), Calnip, 
HoriieminI, Sec; and in the Sage, the Catalpa, Scc^ the calyx also is 
two-lipped. This is owing to unequal union of the: different parts of 
the same sort, aa well as lo diversity of glmpe. In the corolla ry.o 
of the petals grow together higher than the rest, sometimes to the 
very top, and form the upper lip, and the three remaining ones join 
on the other side of the flower to form the lower lip, which therefore 
ia more or less ihree-lobed, while the upper lip is at most only Iwo- 
lobed. And if the calyx ia also two-lipped, as in the Sage, — since 
the parts of the calyx always alternate with those of the corolla 
(247), — then the upper lip has three lobes or teeth, namely, is com- 
posed of three sepals united, while the lower has only two ; which is 
the reverse of the arrangement in the corolla. So that all these 
flowers are really constructed on the plan of five, and not on that of 
two, as one would at first be apt lo suppose. In Gerardia, &c. (Fig. 
. 194, 195), the number five is evident iu the calyx and corolla, but is 
more or less obscured in the slaraens (249). In Catalpa this num- 
ber is masked in the calyx by irregular union, and in the stamens by 
abortion. A difierent kind of irregular flower is seen in 

277. The Ligvlate or strap- 
shaped corolla of most com- 
pound jUnvera. What was 
called the compound flower 
of a Dandelion, Succory (Fig. 
221), Thistle, Sunflower, As- 
ter, Whiieweed, Jcc, consists 
of many distinct blossoms, 
** closely crowded together into 

a head, and surrounded by an involucre (208). People who are not 
botanists commonly take the whole for one flower, the involucre for 
a calyx, and corollas of the outer or of all the flowers as petals. 
And this is a very natural mistake when the flowers around the 
edge have flat and open or strap-shaped corollas, while the rest 
are regular and tubular, but small, as in the Whiieweed, Sunflower, 
&c. Fig. 219 represents such a case in a Coreopsis, with the 
head, or so-called compound flower, cut through ; and in Fig. 220 
we see one of the perfect flowers of the centre or disk, with a reg- 
ular tubular corolla (a), and wiih the slender bract {b) from whose 

Flo. B19. HhuI of Oowen (Uw •fkulltd " WBipoiiiiil Bowel ") of Conoptli, di*id*d 
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axil ic grew ; and also one belonging lo the margin, or ray, with 
a strap-shaped .corolla (c), borne in the axil of a leaf or bract tA 



the involucre (d). Here the ray-jl&aer consists merely of a stra[>- 
shaped corolla, raised on the small rudiment of an ovary; it ig 
therefore a n&iUral flower, like those of tiie ray or mar^n of the 
cluster in Hydrangea {229, Fig, 167), only of a different shape. 
More commonly the flowers with a strap-shaped corolla are pi»- 
liUate, that is, have a pistil only, and produce seed like the others, 
as in Whiteweed. But in the Dandelion, Succory (Fig. 221, 222), 



/ 



and all of that tribe, these flowers are perfect, that is, bear both 
stamens and pistib. And moreover all the flowers of the head are 
strap-shaped and alike. 

278. Puzzling as these sirap-shaped corollas appear at first view, 
an attentive inspection wilt generally reveal the plan upon which 
they are construcied. We can make out pretty plainly, that each 
one consisis of five petals (the tips of which commonly appear as five 
teeth at the extremity), united by their contiguous edges, except on 

Fia Sao. A iliie <^ f't- 919. n>on enUreed, with one I.ibulnr peifMI flower (■] talt 
■undini on (ti* rscepiiele, wi(h iis bnicilei or ch>ir (»), ore llguliie, oeiitnl nj-tlima (c). 
and panoTiinolher: d, aeiMon atbricla nrlsavM of the Involncre. 

FIG. 393. Usui of Oowen of BUCCW7, Ml Ui<M|b laniUiwia ud aBlirpd. 
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one side, and spread out Hat. To prove ihut this is the case, we have 
only to ctimpare such a. corolla (that of Coreopsis, Fig. 220, c, or 
one from the Succory, for instance) with that of the Cardioat-flower, 
a- of any other Lobelia, which is equally ?plit down along one side ; 
*nd this again with the less irregular corolla of the Woodbine, par- 
tially split down on one side. 



LESSON XVI. 

ESTIVATION, OR THE ARRANGEMENT OF THE CALYX AND CO- 
ROLLA IN THE BUD. 

279. jEstivation or Preefiyratxon relates to the way in which 
the leaves of the flower, or ihe lobes of the calyx or corolla, are 
placed with respect lo each other in the bud. This is of some 
importance in distinguishing different families or tribes of plants, 
being generally very uniform in each. The astivation is best seen 

no. 331. Ccmpgund flowm, i. •. bcmla of Bcmvn, of 8a«onr> 
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by making a horizontal slice of the flower-bud when just ready to 
open ; and it may be expressed in diagrams, as in Fig. 223, 224. 

280. The pieces of the calyx or the corolla either overlap each 
other in the bud, or they do not When they do not, the aestivation 
is commonly 

Valvate, as it is called when the pieces meet each other by their 
abrupt edges without any infolding or overlapping ; as the calyx of 
the Linden or Basswood (Fig. 223) and the Mallow, and the corolla 
of the Grape, Virginia Creeper, &c. Or it may be 

IndupHcate, which is valvate with the margins of each piece pro- 
jecting inwards, or involute (like the leaf in Fig. 152), as in the 
calyx of Virgin's-Bower and the corolla of the Potato, or else 

Reduplicate, like the last, but the margins projecting outwards 

instead of inwards ; these last being mere vari- 
ations of the valvate form. 

281. When the pieces overlap in the bud, it 
is in one of two ways : either every piece has 
one edge in and one edge out ; or some pieces 
are wholly outside and others wholly inside. 
In the first case the aestivation is 
Convolute or twisted, as in the corolla of Geranium (most com- 
monly, Fig. 224), Flax (Fig. 191), and of the Mallow Family. 

3 Here one edge of every petal covers the next 
before it, while its other edge is covered by 
the next behind it. In the second case it is 

Imbricated or imbricate, or breaking joints, 
like shingles on a roof, as in the calyx of Ge- 
ranium (Fig. 224) and of Flax (Fig. 191), 
and the corolla of the Linden (Fig. 223). In 
these cases the parts are five in number; and the regular way then 
is (as in the calyx of the figures above cited) to have two pieces en- 
tirely external (1 and 2), one (3) with one edge covered by the first, 
while the other edge covers that of the adjacent one on the other 
side, and two (4 and 5) wholly within, their margins at least being 
covered by the rest. That is, they just represent a circle of five 
leaves spirally arranged on the five-ranked or f plan (187, 188, 
and Fig. 143-145), only with the stem shortened so as to bring 
the parts close together. The spiral arrangement of the parts of 

• 

FI6. 223. Section across the flower-bud of Linden. 

FIG. 391 Section aciOM the flower-bud ot Geranium : the sepals numbered in their: order 

10 
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the blossom is the same as that of the foliage, — an additional evi- 
dence that the flower is a sort of branch. The petals of the Linden, 
with only one outside and one inside, as shown in Fig. 223, exhibit 
a gradation between the imbricated and the convolute modes. When 
the parts are four in number, generally tM'o opposite ones overlap the 
other two by both edges. When three in number, then one is outer- 
most, the next has one edge out and the other covered, and the third 
is within, being covered by the other two; as in Fig. 190. This is 
just the three-ranked (^) spiral arrangement of leaves (186, and 
Fig. 171). 

282. In the Mignonette, and some other flowers, the aestivation is 
open ; that is, the calyx and corolla are not closed at all over the 
other parts of the flower, even in the young bud. 

283. When the calyx or the corolla is tubular, the shape of the 
tube in the bud has sometimes to be considered, as well as the way 
the lobes are arranged. For example, it may be 

Plaited or plicate^ that is, folded lengthwise ; and the plaits may 
either be turned outwards, forming projecting ridges, as in the 
corolla of Campanula ; or turned inwards, as in the corolla of the 
Gentian, &c. When the plaits are MTapped round all in one direc- 
tion, so as to cover one another in a convolute manner, the aestivation 
is said to be 

SupervoltUe, as in the corolla of Stramonium (Fig. 225) and the 
Moming-Glory ; and in the Morning-Glory it is twisted besides. 

FIG. 225. Upper part of the corolla of b Stramonium (Datura meteloides), in the bud. 
Underneath is a croes-eection of the same. 
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LESSON XVIL 

HORPHOLOCY OF THE STAMENS. 

284. The Stamens exhibit nearly the same kinds of variation in 
different species that, tbe calyx and corolla do. They may be dis- 
tinct (that is, separate from eacli other, 267) or united. They may 
he/ree (269), or else coherent with other parts: this concerns 

285. Tbeir Ingcrllon, or place of attachment, which is most com- 
monly the same as that of the corolla. So, stamens are 

Hypogynoui (269), when Ihey are borne on the receptacle, or axis 
of the flower, under the pistils, as they naturally should be, and as is 
shown in Fig. 212. 

Perigynous, when borne on (that is coherent below with) tbe 
calyx ; as in the Cherry, Fig. 213. 

^E^gynous, when borne on the ovary, appar- 
ently, as in Fig. 216. To these we may add 

C^itandrooi (from two Greek words, answer- 
ing to "stamens and pislil united"), when the 
stamens are consolidated with the style, so as • 
to be borne by it, as in the Lady's Slipper 
(Fig. 226) and all the Orchis Family. Also 

Epipetahua (meaning on the petals), when 
they are borne by the corolla ; as in Fig. 194, 
and in most monopetalous blossoms. As to °^ 

286. Their Union Wilh each other, the slamens may be united by 
their filaments or by their anthers. In the former case they are 

Monadelphom (from two Greek words, meaning " in one brother- 
hood"), when united by their filaments into one set, usually into a 
ring or cup below, or into a tube, as in the Mallow Family, the 
Passion-flower, and the Lupine (Fig. 228). 

DiaddphaiM (in two brotherhoods), when so unitrd in two sets, 
as in the Pea and almost all papilionaceous flowers (275): here 
the stamens are nine in one set, and one in the other (Fig. 227). 

T\0. asfl. Style atx Lady*! SlIpiHr (Cypripedluin), and i^anHiis united with it : a. a, the 
■ntlisn of ihe two E<wd staoisiiH ; i(., an ainnira lUnieii, wbit Bttuuld b« its aniluir cbinisd 
lota ■ i»UI-li)M Iwdy ; Mig., Um bUidw. 
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Tricuielphous, in three ^ts or parcels, as in the common St Johns- 
wort ; or 

PolyadelphotiSy when in more numerous sets, as in the Loblolly 

Bay, where they are in five clusters. On 
the other hand, stamens are said to be 

Syngenesious, when united by their an- 
thers (Fig. 229, 230), as they are in Lobelia, 
in the Violet (slightly), and in what are 
called compound flowers^ such as the Thistle, 
Sunflower, Coreopsis (Fig. 220), and Suc- 
cory (Fig. 222). In Lobelia, and in the 
Squash and Pumpkin, the stamens are 
united both by their anthers and their filaments. 

287. Their Number in the flower is sometimes expressed by terms 
compounded of the Greek numerals and the word used to signify 
stamen ; as, monandrous, for a flower having 

only one stamen ; diandrous, one with two 
stamens ; trtandrous, with three stamens ; fe- 
trandrotis, with four stamens ; penlandrous, 
with five 'stamens; and so on, up to polyan- 
drous (meaning M'ith many stamens), when 
there are twenty or a larger number, as in a 
Cactus (Fig. 197). All such terms may be 
found in the Glossary at the end of the book. 

288. Two terms are used to express particular numbers with un- 
equal length. Namely, the stamens are didynamous when only four 
in number, two longer than the other two, as in the Mint, Catnip, 
Gerardia (Fig. 194), Trumpet-Creeper, &c ; and tetradynamousj 
when they are six, with four of them regularly longer than the 
other two, as in Mustard (Fig. 188), and all that family. 

289. Their Parts. As already shown (233), a stamen consists of 
two part8, the Filament and the Anther (Fig. 231). 

290. The Filament is a kind of stalk to the anther : it is to the 
anther nearly what the petiole is to the blade of a leaf. Therefore 
it is not an essential part. As a leaf may be without a stalk, so 
the anther may be sessile, or without a filament. When present, 
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FIG. 227. Diadelptums stamena of Uie Pea, See, S228. Monadelpboua stamena of Um 
Lupine. 

FIG. S!90l Syngenealoua atamena of Coreopeia (Fig. SSO, c). Sec S30. Sama, with tba 
tube of anthera ^plit down on one aide and spread open. 
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the filament may be of any shape ; but it is commonly thread-like, 
as in Fig. 231, 234, &c. '^ 

291. The Anther is the essential part of the stamen. * 
It is a sort of case, filled with a fine powder, called 
Pollen^ which serves to fertilize the pistil, so that it • 
may perfect seeds. The anther may be considered, 
first, as to 

292. Its Altaehment to the filament Of this there are 
three ways ; namely, the anther is 

Innate (as in Fig. 232), when it is attached by its base to the 
very apex of the filament, turning neither inwards nor outwards ; or 

Adnate (as in Fig. 233), when at- 
tached by one face, usually for its 
whole length, to the side of the fila- 
ment J and 

Versatile (as in Fig. 234), when fixed 
by its middle only to the very point of 
the filament, so as to swing loosely, as 
we see it in the Lily, in Grasses, &c. 

293. In both the last-named cases, 
the anther either looks inwards or out- 
wards. When it is turned inwards, or is fixed to that side of the 
filament which looks towards the pistil or centre of the flower, the 
anther is incumbent or introrse, as in Magnolia and the Water-Lily. 
When turned outwards, or fixed to the outer side of the filament, it is 
extrorse, as in the Tulip-tree. 

294. Its Strnctnre, &c. There are few cases in which the stamen 
bears any resemblance to a leaf. Nevertheless, the botanist's idea of 
a stamen is, that it answers to a leaf developed in a peculiar form 
and for a special purpose. In the filament he sees the stalk of the 
leaf ; in the anther, the blade. The blade of a leaf consists of two 
similar sides ; so the anther consists of two lobes or cells, one answer- 
ing to the left, the other to the right, side of the blade. The two lobes 
are often connected by a prolongation of the filament, which answei*s 
to the midrib of a leaf* this is called the connective. It is very con- 
spicuous in Fig. 252, where the connective is so broad that it separates 
the two cells of the anther to some distance from each other. 
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FIG. 231. A stamen : a, filament ; b, anther discharging pollen. 

FIG. 232. Stamen of Isopyruiii, with innate anther. 233. Of Tulip>tree, with adnate (and 
•xtrorse) anther. 23< Of Evening Primrose, witJi rersatile anther. 

10* 
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295, To discharge the pollen, the anther opens (or is dehiscent) 

at maturity, commonly by a line along the whole 
length of each cell, and which answers to the 
margin of the leaf (as in Fig. 231); but when 
the anthei*s are extrorse, this line is often on the 
outer face, and when introrse, on the inner face 
of each cell. Sometimes the anther opens only 
by a chink, hole, or pore at the top, as in the 
m S9S Azalea, Pyrola or False Wintergreen (Fig. 235), 

&c ; and sometimes a part of the face separates as a sort of trap-door 
(or valve), hinged at the top, and opening to allow the escape of the 
pollen, as in the Sassafras, Spice-bush, and Barberry (Fig. 236). 
Most anthers are really four-celled when young ; 
a slender partition running lengthwise through 
each cell and dividing it into two compartments, 
one answering to the upper, and the other to the 
lower, layer of the green pulp of the leaf. Oc- 
casionally the anther becomes one-celled. This 
takes place mostly by confluence^ that is, the two 
cells running together into one, as they do 
slightly in Pentstemon (Fig. 237) 
and thoroughly in the Mallow Family (Fig. 238). But 
sometimes it occurs by the obliteration or disappear- 
ance of one half of the anther, as in the Globe Ama- 
ranth of the gardens (Fig. 239). 

296. The M'ay in which a stamen is supposed to be 
constructed out of a leaf, or rather on the plan of a 
leaf, is shown in Fig. 240, an ideal figure, the lower 
part representing a stamen with the top of its anther 
cut away ; the upper, the corresponding upper part of 
a leaf. — The use of the anther is to produce 
297. Polleili This is the powder, or fine dust, commonly of a yel- 
low color, which fills the cells of the anther, and is discharged during 
blossoming, after which the stamens generally fall off or wither away. 
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FIG. 235. Stamen of Pyrola ; the anther opening by boles at the top. 

FIG. 236. Stamen of Barberry ; the anther opening by uplifted valves. 

FIG. 237. Stamen of Pentstemon pubescens ; anther-cells slightly confluent. 

FIG. 238. Stamen of Mallow ; the two celU confluent mto one, opening round the margin. 

FIG. 239. Anther of Globe Amaranth, of only one cell ; the other cell wanting. 

FIG. 240 Diagram of the lower part of an anther, cut across above, and ttie upper part o( 
a leaf, to show how tlie one answers to the other. 
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Under the microscope it is found to consist of grains, usually round or 
oval, and all alike in the same species, but very diiferent in different 
plants. So that the plant may sometimes be recognized from the 
pollen alone. 

298. A grain of pollen is made up of two coats ; the outer coat 
Ihickish, but weak, and frequently adorned with lines or bands, or 
studded with points ; the inner coat is extremely thin and delicate, 
birt extensible, and its cavity is filled with a thickish fluid, often 
rendered turbid by an immense number of minute grains that float 
in it. When wet, the grains absorb the water and swell so much 
that many kinds soon burst and discharge their contents. 

299. Figures 241 - 250 represent some common sorts of pollen, 
magnified one or two hundred diameters, viz. : — A pollen-grain of 
the Musk Plant, spirally grooved. One of Sicyos, or One-seeded 
Cucumber, beset with bristly points and marked by smooth bands^ 
One of the Wild Balsisam- Apple (Echinocystis), grooved lengthwise. 
One of Hibiscus or Rose-Mallow, studded with prickly points. One 
of Succory, many-sided, and dotted with fine points. A grain of the 
curious compound pollen of Pine. One from the Lily, smooth and 
oval. One from Enchanter's Nightshade, with three small lobes on 
the angles. Pollen of Kalmia, composed of four grains united, as in 
all the Heath family. A grain from an Evening Primrose, with a 
central body and three large lobes. The figures number from lefl 
to right, beginning at the top. 
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LESSON XVIII. 



MORPHOLOGY OF PISTILS. 



300. The Pistil, when only one, occupies the centre of the 
flower ; when there are two pistils, they stand facing each other in 
the centre of the flower ; when several, they oommonly form a ring 
or circle ; and when very numerous, they are generally crowded in 
rows or spiral lines on the surface of a more or less enlarged or 
elongated receptacle. 

301. Their number in a blossom is sometimes expressed, in Sys- 
tematic Botany, by terms compounded of the Greek numerals and 
the Greek word used to signify pistil, in the following way. A flower 
with one pistil is said to be monogynous ; with two, digynous ; with 
three, trtgynous ; with four, tetragynous ; with ^\e, pentagynotis, and 
60 on ; with many pistils, polygynousy — terms which are explained 
in the Glossary, but which there is no need to commit to memory. 

302. The Paris of a Pistil, as already explained (234), are the 
Ovary, the Style, and the Stigma. The ovary is one essential part : 
it contains the rudiments of seeds, called Ovules. The stigma at 
the summit is also essential : it receives the pollen, which fertilizes 
the ovules in order that they may become seeds. But the style, the 
tapering or slender column commonly borne on the summit of the 
ovary, and bearing the stigma on its apex or its side, is no more neces- 
sary to a pistil than the filament is to the stamen. Accordingly, there 
is no style in many pistils : in these the stigma is sessile, that is, rests 
directly on the ovary. The stigma is very various in shape and 
appearance, being sometimes a little knob (as in the Cherry, Fig. 
213), sometimes a small point, or small surface of bare, moist tissue 
(as in Fig. 254-256), and sometimes a longitudinal crest or line 
(as in Fig. 252, 258, 267, 269), and also exhibiting many other 
shapes. 

303. The pistil exhibits an almost infinite variety of forms, and 
many complications. To understand these, it is needful to begin 
with the simple kinds, and to proceed gradually to the complex. 
And, first of all, the student should get a clear notion of 

304. The Plan or Ideal Stnietnre of the Pistil, or, in other words, of 

the way in which a simple pistil answers to a leaf. Pistils are either 
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timpte or compound. A simpte pistil answers to a single lear. A 
coispound pistil answers to two or more leaves combined, just as a 
tnonopetalous corolla (203) answers to two or more petals, or leaves 
of the flower, united into one body. In theory, accordingly, 

305. The Simple Pistil, or Carpel (as it is sometimes called), consists 
of the blade of a leaf, curved until the margins meet and unite, form- 
ing in this way a closed case or pod, which is the ovary. So that 
the upper face of the altered leaf answers to the inner surface of the 
ovary, and the lower,. to its outer surface. And the ovules are borne 
on what answers to the united edges of the leaf. The tapering sum- 
mit, rolled together and prolonged, forms the style, when there is 
any ; and the edges of the altered leaf turned outwards, either at 
the tip or along the inner side of (lie style, form the stigma. To 
make tliis perfectly clear, compare a leaf folded together in this waj 
(as in Fig. 2ol) with a pistil of a 
Garden Pfeony, or Larkspur, or with 
that in Fig. 252 ; or, laler in the ^|j„^ 
season notice how these, as iipe pods, B^-^ 
split down along the Ime foimed by r- 

the united edges, and open out agtm | 
]nto a sort of leaf, as in Ihe Mar^h 8 ^^^ {^1^ 
Marigold (Pig 2o3) In [he Double- .^^ ^^'-S/ 
flowermg Cherry the pistil occasion ^e: " 
ally IS found changed back again into 
' a small green leaf, partly folded, much as in Fig 2ol 

306.>Fig. 172 represents a simple pistil on a larger scale, the 
ovary cut through to show how the ovules (when numerous) are 
attached to what answers (o the two margins of the leaf. The 
Stonecrop (Fig. 168) has five such pistils in a circle, eaeh with the 
side where the ovules are attached turned to the centre of the flower. 

307. The line or seara down the inner side, which answers to the 
united edges of the leaf, and bears the ovules, is called the ventral or 
inner Suture. A corresponding line down the back of the ovary, 
and which answers lo the middle of the leaf, is named the dorsal or 
outer Suture. 

308. The ventral suture inside, wher& it projects a little into the 




FIG. 3S3. Podorilpe^ilil nrtlwCilIlia,illM 
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cavity of the ovary, and bears the ovules^ is called the Placenta. 
Obviously a simple pistil can have but one placenta ; but this is in 
its nature double, one half answering to each margin of the leaf. 
And if the ovules or seeds are at all numerous, they will be found 
to occupy two i-ows, one for each margin, as we see in Fig. 252, 172, 
in the Marsh-Marigold, in a Pea-pod, and the like. 

309. A simple pistil obviously can have but one cavity or cell ; 
except from some condition out of the natural order of things. But 
the converse does not hold true : all pistils of a single cell are not 
simple. Many compound pistils are one-celled. 

310. A simple pistil necessarily has but one style. Its stigma, 
however, may be double, like the placenta, and for the same reason 
(305) ; and it often exhibits two lines or crests, as in Fig. 252, or it 
may even be split into two lobes. 

311. The Compound Pistil consists of two, three, or any greater 

number of pistil-leaves, 
or carpels (305), in a 
circle, united into one 
body, at least by their 
ovaries. The Culti- 
vated Flax, for exam- 
ple (Fig. 212), has a 
compound pistil com- 
posed of fiye simple 
ones with their ovaries 
united, while Ihe five 
styles are separate. 
But in one of our 

wild species of Flax, the styles are united into one also, for about 
half their length. So the CJommon St. John's-wort of the fields has 
a compound ovary, of three united carpels, but the three styles are 
separate (Fig. 255), while some of our wild, shrubby species have the 
styles also combined into one (Fig. 256), although in the fruit they 
often split into three again. Even the ovaries may only partially 
combine with each other, as we see in different species of Saxifrage, 
some having their two pistils nearly separate, while in others they 




FIG. 254. Pistil of a Saxifrage, of two simple carpels or pistil-leaves, united at the bas* 
•nly, cut across both above and below. 
FIG. 255. Compound pistil of common St. John*8-wort, cut across : styles separate. 
FIG. 256. Th» same of shrubby 8t. John's-wort ; the three styles united into •»•' 
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are joined at the base only, or else below the middle (as in Fig. 
254), and in some they are united quite to the top. 

312. Even when the styles are all consolidated into one, the stig- 
mas are often separate, or enough so to show by the number of their 
lobes how many simple pistils are combined to make the compound 
one. In the common Lily, for instance, the three lobes of the stigma, 
as well as the three grooves down the ovary, plainly tell us that the 
pistil is made of three combined. But in the Day-Lily the three 
lobes of the stigma are barely discernible by the naked eye, and in 
the Spiderwort (Fig. 257) they are as perfectly united into 
one as the ovaries and styles are. Here the number of 
cells in the ovary alone shows that the pistil is compound. 
These are all cases of 

313. Compound Pistils wilh two or more Cells, namely, with 

as many cells as there are simple pistils, or carpels, that 
have united to compose the organ. They are just what 
would be formed if the simple pistils (two, three, or five 
in a circle, as the case may be), like those of a Paeony or 
Stonecrop, all pressed together in the centre of the flower, 
were to cohere by their contiguous parts. 

314. As each simple ovary has its placenta, or seed- 
bearing line (308), at the inner angle, so the resuking 
compound ovary has as many axile placentce (that is, as ^^ 
many placentae in the axis or centre) as there are pistil-leaves in 
its composition, but all more or less consolidated into one. This is 
shown in the cross-sections, Fig. 254-256, &c 

315. The partitions (or Dissepiments^ as they are technically 
named) of a compound ovary are accordingly part of the walls or 
the sides of the carpels which compose it Of course they are double, 
one layer belonging to each carpel ; and in ripe pods they oflen split 
into the two layers. 

316. We have described only one, though the commonest, kind of 
compound pistil. There are besides 

317. One-eelled Compoand Pistils. These are of two sorts, those with 
axiley and those with parietal placentce. That is, first, where the 
ovules or seeds are borne in the axis or centre of the ovary, and, 
secondly, where they are borne on its walls. The first of these 
cases, or that 




FIG. 357. Pistil of Spiderwort (Tradescantia) : the three-celled ovaiy cut acroM. 
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318. With a Free Central Plaeenta. is what we find in Purslane 
(Fig. 214), and in moat Chick weeds (Fig. 258, 259) and Pinks. 
The difference between this and the foregoing case is only that the 
delicate partitions have very early vanished ; and traces of them 
may often be detected. Or sometimes this is a variation 
of the mode 

319. With Parietal Placenta;, namely, with the ovules 
and seeds borne on the sides or wall (parietes) of the 
ovary. The pistil of the Prickly Poppy, Bloodroot, 
Violet, Frost-weed (Fig. 261), Gooseberry, and of 
many Hypericums, are of this sort. To understand it 
perfectly, we have only to imagine two, three, or any 
number of carpel-leaves (like that of Fig. 
251), arranged in a circle, to unite by their 
J2S9 contiguous edges, and so form one ovary 

or pod (as we have endeavored to show in Fig. 260) ; 
— very much as in the Stramonium (Fig. 199) the 
five petals unite by their edges to compose a mono- 
petalous corolla, and the five sepals to form a tubular 
calyx. Here each carpel is an 0[)en leaf, or partly 
open, bearing ovules along its margins ; and each 
placenta consists of the contiguous margins of two 
pistil-leaves grown together. 

320. All degrees occur between this and the sev- 
eral-celled ovary with the placentae in the axis. Com- 
pare, for illustration, the common St. John's- worts. Fig. 255 and 256, 
with Fig. 262, a cross-section of the ovary of a different species, in 
which the three large placentae meet in the axis, but 
scarcely unite, and with Fig. 263,^ a similar section of 
the ripe pod of the same plant, showing three parietal 
placentae borne on imperfect partitions projecting a 
little way into the general cell. Fig. 261 is the same 
in plan, but with hardly any trace of partitions ; that 
is, the united edges of the leaves only slightly project into the cell. 





FIG. S58. Pistil of a Sandwort, with the ovary divided lengthwise ; and 259, the same 
divided transversely, to show the free central placenta 

FIG. 260. Plan of a one-Celled ovary of three carpel-leaves, with parietal placentee, cut 
across below, where it is complete ; the upper part showing the top of the three leaves it is 
composed of, approaching, but not united. 

FIG. 2C1 Cross-section of the ovary of Frost-weed (Uelianthe.iiuui), with three parietal 
(lacenti^ bearing ovules. 
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' 321. Tlie ovary, especiallj when compound, \a often covered by 
and united with the tube of the calyx, as has already been explained 
(272). We deacribe this by saying either "ovary adherent," or 
"caJyx adherent," &X, Or we 6ay "ouaty inferior," when the tube 
of the cal)'x is adherent througliout to 
the surface of the ovary, so that iis i 
lobes, and all the re^t of the flower, { 
appettr to be borne on itd Bummit, 
in Fig. 215 and Fig. 216; or "half- 
inferior," as in the Purslane (Fig. 214), " " 

where the calyx is adherent part way up ; or "superior," where the 
calyx and the ovary are not combined, as in the Cherry (Fig. 213) 
and the like, that is, where these parts are/«e. The term "ovary 
superior," therefore, means just the same as "calyx inferior"; and 
" ovary inferior," the same as " calyx superior." 
322. Open or GymnmpennDiu Fistil> This is what we have in the 
whole Pine family, the most peculiar, and yet the simplest, 
\ of all pistils. While the ordinary simple pistil in the eye 
/ of the botanist represents a leaf rolled together into a 
ed pod (305), those of the Pine, Larch (Fig. 204). 
5« Cedar, and Arbor-Viite (Fig. 26.5, 
266) are plainly open leaves, in the form of 
scales,e)ichbeHring two or more ovules on the ^ 
inner face, next the ba^e. At the time of i 
blossoming, these pistil-leaves of the young 
cone diverge, and the pollen, so ahundaiilly 
shed from the slaminale blossoms, falls di- 
rectly upon the exposed ovules. Afterwards 
the scales close over each other until the 
seeds are ripe. Then they separate again, " *• 

that the seeds may be shed. As their ovules and seeds are not 
enclosed in a pod, alt such plants are said to be Gymnogpermous, 
that is, naied-ieeded. 

FIG. 3;:a. Cnw-Hclion or ttis ovary of Hyperkum unvHilena. sra. Similu HclioBol 
Uh ripe pod of rlH) URIC. 
FIG. SM. A pialil, lliit i>, a Bcale nf lh« mhs, ot » Lurch, >t the rime of tlovarinf ^ 

funnini i ■mall cone. 

upoHd to vi*w, (Iwirini * paii of ovuIm on in l>aH, 
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323. OvoIfS (234). These are the bodies which are to become 
seeds. They are either sessile, that is, stalkless, or else borne on a 
stalk, called the FunictUus. They may be produced along the whole 
length of the cell, or only at some part of it, generally either at the 
top or the bottom. In the former case they are apt to be numerous ; 
in the latter, they may be few or single (solitaryj Fig. 267 - 269). 
As to their direction, ovules are said to be 

' Horizontaly when they are neither turned upwards nor down* 
wards, as in Fig. 252, 261 ; 

Ascending, when rising obliquely upwards, usually from the side 
of the eell^ not from its very base, as in the Buttercup (Fig. 267), 

and the Purslane (Fig. 214) ; 

Erect, when rising upright from 
the base of the cell, as in the Buck- 
wheat (Fig. 268) ; 

Pendulous, when hanging from 
towards the top, as in the Flax 
"• "• (Fig. 212); and 

Suspended, when hanging perpendicularly from the very sum- 
mit of the cell, as in the Anemone (Fig. 269), Dogwood, &c All 
these terms equally apply to seeds. 

324. An ovule consists of a pulpy mass of tissue, the Nucleus or 
kernel, and usually of one or two coats. In the nucleus th^embryo 
is formnd, and the coats become the skin or coverings of the seed^ 
There is a hole ( On' fee cr Foramen) through the coats, at the place 
which answers to the apex of the ovule. The part by which the 
ovule is attached is its base ; the point of attachment, where the ripe 
seed breaks away and leaves a scar, is named the Hilum. The 
plaee where the coats blend, and cohere with each other and with the 
nucleus, is named the Chalazcu We will point out these parts in 
illustrating the four principal kinds of ovule. These are not difficult 
to undei*stand, although ovules are usually so small that a good m^g- 
nifying-glass is needed for their examination. Moreover, their names, 
all taken from the Greek, are unfortunately rather formidable. 

325. The simplest sort, although the least conimon, is what is 
called the 

QrthotrovQUS, or straight ovule. The Buckwheat affords a good 

FIG. Si67. Section of the ovary of a Buttercup, lengthwise, showing its afcending otum. 
fI6. 2C8, Section pf the ovary of Buckwheat, showing the erect ovule. 
PIO. 8C9. Section of the ovary of Anemone, showing its suspended ovul« 
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instance of it : it is shown in its place in the ovary in Fig. 268, 
also detached in Fig. 270, and a much more magnified diagram of it 
in Fig. 274. In this kind, the orifice (/) is at the top, the chalaza 
and the hilum (c) are blended at the base or point of attachment, 
which is at the opposite end ; and the axis of the ovule is straight. 
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If such an ovule were to grow on one side more than on the other, 
and double up, or have its top pushed round as it enlarges, it would 
become a 

Campyhtropous or curved ovule, as in Cress and Chickweed (Fig. 
271). Here the base remains as in the straight kind, but its apex 
with the orifice is brought round close to it. — Much the most com- 
mon form of all is the 

Anairopous or inverted ovule. This is shown in Fig. 267, and 
273 ; also a much enlarged section lengthwise, or diagram, in Fig. 
275. To understand it, we have only to suppose the first sort (Fig. 
270) to be inverted on its stalk, or rather to have itj* stalk bent 
round, applied to one side of the ovule lengthwise, and to grow fast 
to the coat down to near the orifice (/) ; the hilum, therefore, where 
the seed-stalk is to break away (A), is close to the orifice ; but the 
chalaza (c) is here at the top of the ovule ; between it and the hilum 
runs a ridge or cord, called the Rhaphe (r), which is simply that part 
of the stalk which, as the ovule grew and turned over, adhered to it.** 
surface. — Lastly, the 

Amphitropous or half-ancUropous ovule (Fig. 272) differs from 
the last only in having a shorter rhaphe, ending about half-way 
between the chalaza and the orifice. So the hilum or attachment is 
not far from the middle of one side, while the chalaza is at one end 
and the orifice at the other. 

326. The internal structure of the ovule is sufiiciently displayed 
in the subjoined diagrams, representing a longitudinal slice of two 



FIG. 270. Orthotropous ovule of Buckwheat : c, hilum and chalaza ; /, orifice. 

FIG. 371 . Cainpylotropous ovule of a Chickweed : e, hilum aud chalaza ; /, orifice. 

FIG. 372. Amphitropous ovule of Mallow : /, orifice ; A, hilum ; r, rhaphe ; c, chalaza. 

FIO. 273. Auatropous ovule of a Violet ; the paru lettered as in the last. 
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ovules ; Fig. 374, iin ortlioCropous, Fig. 275, an anatropous ovule. 
Tlie lettei'a rorrespood in the two ; c, tbe cbalaza ; /, the orifice ; 
r, rfaaphe (of which there is of couree none in Fig, 274) ; p, the 
outer coHt, called primine ; «, inner eoat, called itcundiiu ; n, nu- 
cleus or keraeL 



LESSON XIX. 



Y OF THE HECEFTACLE. 

327. The RkcepT4Cle (also called the Ttyrui) is the axis, or 
stem, whieh the leaves and other parts of the hlossom are attached 
to (231). It is commonly small and short (as in Fig. 169) ; but it 
someliraes occurs in more conspicuous and remarkable forms. 

328. Occasionally it is elongated, ai in some plants of the Caper 
family (Fig. 276), making the flower really look like a branch, hav- 
ing its circles of leaves, stamens, i^c^ separated by long spaces or 
inlemodes. 

329. The Wild Geranium or Cranesbill has the receptacle pro- 
longed above and between the insertion of the pistils, in the form 
of a slender beak. In the blossom, and until the fruit is ripe, it 
is concealed by the live pistils united around it, and their flat styles 
covering its whole surface (Fig. 277). But at maturity, the five 
small and one-seeded fruits separate, and so do their stvtes, from ihe 
beak, and hang sospended from the summit They aplit off elasti- 
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cally from the receptacle, curving upwards with a sudden jerk, whiob 
scatters the seed, oRtn throwing it to a considerable distance. 

330. When a dov/vt 
bears a grent many pis- " 
tils, ils receptacle is gen- 
erally enlarged so as to 

times becoming broad 
and flat, as in the Flow* 
ering Raspberry, some- 
times elongated, as in 
the Blackberry, the Mag- 
nolia, Sec It is the re- 
ceptacle in the Straw- ^ 
berry (Fig. 279), much 

enlarged and pulpy when ripe, which forms the eatable part of the 
&uit, and bears the small seed-like pistils on its 
Bur&ce. In the Bose (Fig. 380), instead of being 
convex or conical, the receptacle is deeply con- 
cave, or urn-shaped. Indeed, a Rose-hip may be 
' likened to a strawberry turned inside out, like 
the flnger of a glove reversed, and the whole 
■* covered by the adherent lube of the calyx, which 

remains beneath in ihe strawberry. 

S3I. A Disk is a part of the re- 
ceptacle, or a growth from it, ^ 
lathed under or around the pistil. 
It is hypogjpwiu (269), when free 
trom alt union either with the pistil H 
or the calyx, as in the Rue and the ( 
Orange (Fig. 281). It is perigy- 
*• nout (270), when it adheres to the ^' 

hose of the calyx, as in the Bladder-nut and Buckthorn (Fig. 282, 
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283). OI^Rn it adheres both to the calyx and to the ovary, aa in 
New Jersey Tea, the A[i|>le, Sec. consolidating the wliole together. 
In such eases it id eometimes can-ied up and expanded on the top of 
the ovary, as in the Parsley and 
the Ginseng families, when it ia 
* said to be epigynoM (273). 

332. In Nelumbium, — a large 

Water-Lily, abounding in the wa- 

>~ "■ ters of our Western States, — Ihe 

eingular and greatly enlarged receptacle id shaped like a top, and 

bears the small pistib immersed in separate cavities of its flat upper 

surface (Fig. 284). 




LESSON XX. 



THE FBUIT. 



333 The ripened ovary, with its contents, becomes the FruiU 
When the tube of the calyx adheres to the ovary, it also becomes 
H jwrt of the fruit: sometimes it even forms the principal bulk of it, 
OS in the apple and pear. 

334. Some fruits, as they are commonly called, are not fruits at 
all in the strict botanical sense. A strawberry, for example (as 
we have just seen, 330, Fig. 282), although one of the choicest /ruite 
in the common acceptation, ia only an enlarged and pulpy receptacle, 
bearing the real fruits (that is, the ripened pistils) scattered over its 
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surface, and too small to be much noticed. And mulberries, figs, 
and pine-apples are masses of many fruits with a pulpy fiower-stalk, 
&C. Passing these by for the present, let us now consider only 

335. Simple FrnitSt These are such as are formed by the ripening 
of a single pistil, whether simple (305) or compound (311). 

336. A simple fruit consists, then, of the Seed-vessel (technically 
called the Pericarp), or the walls of the ovary matured, and the seeds, 
contained in it. Its structure is generally the same as that of the 
ovary, but not always ; because certain changes may take place after 
flowering. The commonest change is the obliteration in the growing 
fruit of some parts which existed in the pistil at the time of flowering. 
The ovary of a Horsechestnut, for instance, has three cells and two 
ovules in each cell ; but the fruit never has more than three seeds, 
and rarely more than one or two, and only as many cells. Yet the 
vestiges of the seeds that have not matured, and of the wanting cells 
of the pod, may always be detected in the ripe fruit. This oblitera- 
tion is more complete in the Oak and Chestnut. The ovary of the 
first likewise has three cells, that of the second six or seven cells, 
each with two ovules hanging from the summit. We might there- 
fore expect the acorn and the chestnut to have as many cells, and 
two seeds in each cell. Whereas, in fact, all the cells and all the 
ovules but one are uniformly obliterated in the forming fruit, which 
thus becomes one-celled and one-seeded, and rarely can any vestige 
be found of the missing parts. 

337. On the other hand, a one-celled ovary sometimes becomes 
several-celled in the fruit by the formation of false partitions, com- 
monly by cross-partitions, as in the jointed pod of the Sea-Rocket 
and the Tick-Trefoil (Fig. 304). 

338. Tbeir KindSt In defining the principal kinds of simple fruits 
which have particular names, we may classify them, in the first place, 
into, — 1. Fleshy Fruits ; 2. Stone Fruits ; and 3. Dry Fruits. 
The first and second are of course indehiscent ; that is, they do not 
split open when ripe to discharge the seeds. 

339. In fleshy fruits the whole pericarp, or wall of the ovary, 
thickens and becomes soft (fleshy, juicy, or pulpy) as it ripens. Of 
this the leading kind is 

340. The Berry, such as the gooseberry and currant, the blueberry 
and cranberry, the tomato, and the grape. Here the whole flesh is 
equally soft throughout. The orange is merely a berry with a 
leathery rind. 
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841. The Ptpo, or dmrd-fnu't, U the sort of berry which belongs 
to the Gourd family, mostly with a hanl rind and the inner portion 
softer. The pumpkin, squash, cucumber, and melon are tlie prio' 
cipul examples. 

342. Tbt Pome is a name applied to the apple, pear, and qnince ; 
fieshy IVuits like a berry, but the princi|i]it thickness is calyx, only 
the papery pods arrangMl lijte u star in the core reiilly belonging to 
the pistil itself (333). 

343. Secondly, as to fruits which are partly fleshy and partly hard, 
one of the most familiar kinds is 

S44. The Drape, or Stone-fruit ; of which the cheny, plum, and 

peuch (Fig. 285) are familiar examples. In 

this the outer part of the thickness of the 

I pericarp becomes fleshy, or softens, like a 

/ berry, while the inner hardens, like a nut. 

From the way in which the pistil is ccn- 

strucled (30a), it is evident that the fleshy 

part here answers to the lower, and the stone 

■• to the upper, side of the leafj — a leaf always 

consisting of two layers of green pulp, an upper and an under kyer, 

which are considerably diflcrent (439). 

S4o. Whenever the wslls of a fruit are separable into two layers 
the outer layer is called the Exocarp, the inner, the Endoearp (fi-oui 
Greek wonls meaning "ouL«ide fruit" and "inride fruit"). But in 
a drupe the outer portion, being fleshy, is likewise called Sarcocarp 
(which means " fleshy fruit "), and the inner, the Pulameii or stone. 
The stone of a peach, and the like, it will be perceived, belongs to 
the fruit, not to the seed. When the walls are separable into three 
layers, the outer layer is named either exocarp or ^icarp ; the 
middle one is called the Meiocarp (i. e. middle fruit) ; and the inner- 
most, as before, the Endocarp. 

846. Thirdly, in dry frm'ta the eeed-ressel remains herbaceous in 
texture, or becomes ihin and membranaceous, or else it hardens 
throughout Some forms remain closed, that is, are indehitcent 
(338) ; others Rre dehi»cent, that i^, rplit open at maturity in some 
regular way. Of indehiscent or closed di'y fruits the principal kinds 
are the following. 

347. The Acheniain, or Akene, is a small, one-seeded, dry, indehia- 

FtC. SSS. I^miiludlnil HCIinn of a puch, itunvinf Ilw HeMi, tlw MoM, *hI Uh iMd- 
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eept fniit, stich as is popularly taken for a- naked seed : but it is 

plainly a ripened ovary, and shows the re^ 

mains (^ its style oi' stigma, or the place 
st8 from which it has 

fallen. Of this sort 
are the fruits of the 
Buttercup (Fig. 286,- 

287), the Cinque^oil, and the Strawberry (Fig. 
279, 288) ; that Is, the real fruits, botanically 
speaking, of the latter, which are taken for seeds, 
not the large juicy receptacle on the surface of 
which they rest (330). Here the akenes are 
simple pistils (305), very numerous in the same 
flower, and forming a head of such fruits. In 
the Nettle, Hemp, &c., there is only one pistil to 
each blossom. 

348. In the raspberry and blackberry, each grain 
is a similar pistil, like that of the straA'berry in the 
flower, but ripening into a miniature stone-fruit, or 
drupe. So that in the strawberry we eat the 
receptacle, or end of iho flower-stalk ; in the rasp- 
berry, a cluster of stone-fruits, like cherries on a 
veiy small scale ; and in the blackberry, both a juicy 
receptacle and a cluster of btone-fruits covering it 
(Fig. 289, 290). 

349. The fruit of the G)mposite family is also 
an achenium. Here the surface of the ovary is 
covered by an adherent calyx-tube, as is evident 
from the position of the corolla, apparently standing 
on its summit (321, 4nd Fig. 220, a). Sometimes the 
limb or divisions of the calyx are entirely wanting, 

as in Mayweed (Fig. 291) and White weed. Sometimes the limb 
of the calyx forms a crown or cup on tlie top of the achenium, as in 
Succory ( Fig. 292) ; in Coreopsis, it often takes the form of two 
blunt teeth or scales ; in the Sunflower (Fig. 293), it consists of two 





F16. 986. Achenium of Buttercnp. S87. Bame, cut thmiierh, to show the raed within. 

FIG. 288. Slice of a part of a ripe strawlieny, enlarged ; some of the acbenia shown cut 
through. 

FIG. S89. Slice of a part of a blackberry. 290 One of tlie grains or drupes divided, man 
enlarged ; showing the flesh, the stone, and the seed, as in Fig. 96S. 

8&F— 7 
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thin scales which fall ofi* at the touch ; in the Sneezeweed, of about 
five very ihin scales, which look more like a calyx (P"ig. 294) ; and 
in the Thistle, AeCer, Sow-Thidtle (Fig. 295), and hundredj of others, 
it is cut up into a tuft of fine bristles or hairs. This is called the 
Papput; — a name which propt^rly means the down like that of the 
Thistle ; but it is applied to all tliese forma, 
and to every other under which the limb of the 
calyx of the " compound flowers " appears. In 
Lettuce, Dandelion (Fig. 296), and the like, ' 
the achenium as it matures tapers upwards 
into a slender beak, like a stalk to the pappus. 




S50. A ririele is the same as an achenium, but witk a. thin and 
bladdery loose pericarp ; like that of the Goosefoot ur Pigweed 
(Fig. 297). When ripe it bursts open irregularly to 
. discliai^ the seed ; or sometimes it opens by a circular 
! ail round, the upper part falling off like a lid ; as in 
the Amaranth (Fig. 298). 

S51. A Caryopsis, or Grain, differs from the lask only 
in the seed adhering to the thin pericarp 
throughout, so that fruit and seed are in- 
corporated into one body ; as in wheat, In- 
dian corn, and other kinds of grain. 

352. i Nnl is a dry and indehiscent fruit, I 
commonly one-oelled and one-seed':!, with a hard, crus- 
Inceous, or bony wall, such as tne cocoanut, hazelnut, 
chestnut, and the acorn (Fig. 21, 299). Here the 
involucre, in the form of a cup at the base, is called the Cupule. 
the Chestnut it forms the bur ; in the Hazel, a leafy husk. 
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353. A EamoiB, or Kef*^ili is eilher a nut or an achenium, or any 
other indehiscent fruit, fumis1i«d with a wing, like tliat of the Mapte 
(Fig. 1), Ash (Fig. 300), and Elm (Fig. 301). 

854. The Capsole, or Pod, is the general name for dij Beed-vessels 
which split or burst open at maturity. 
But several sorts of pod are distin- 
guished by particular names. Tuo of 
them belong to simple pistib, namely, 
the follicle and the Legmae. 

355. The Follicle is a fruit of a simple 
pistil opening along the inner suture 
(307). The poda of the Pasony, Col- 
umbine, Larkspur, Mar^h- Marigold 
(Fig. 302), and Milkweed are of this 
kind. The seam along which / 
the follicle opens answers to ^M| 
the edges of the pistil-leaf ijBU 
(Fig. 231, 253). 1^ 

356. The tefnine or true wP 

Pod, like the Pea-pod (Fig. ^ 
303), is similar (o the follicle, only it opens by the outer as well as 
the inner or ventral suture (307), that is, by what answers to the 
inidrib as well as by what answers to the united margins of the leaf. 
It splits therefore into two pieces, which are called valves. The le- 
gume belongs to plants of the Pulse family, which are accordingly 
termed LeguminoS€e, that is, leguminous plants. So the fruits of this 
family keep the name of legume, whatever their form, and whether 
they open or not. A legume divided across into one-seeded joints, 
which separate when ripe, as in Tick-Trefoil (Fig. 304), is named a 
Lament. 

357. The true Capsule is the pod of a compound pistil. Like the 
ovary it resulted from, it may be one-celled, or it may have as many 
cells as there are carpels in its composition. It may dischai^ its 
seeds through chinks or pores, as in the Poppy, or buret irregularly 
in some part, as in Lobelia and the Snapdragon ; but commonly it 
splits open (or is dehiscent) lengthwise into regular pieces, caUed 
valves. 



FIG. 300. I 
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358. Sehiicmce of a pod resulting from a comiraund pistil, whtn 
regular, takes place in one of twu pi-incipal wajs, nhich ar« Leitt 

ehuwn in pod^ of livo or tliree cells. Either the pod 
splits open down tlie middle of ihe back of each cell, 
wben the dehiscence is hcvlicidal, as in Fig. 305 ; or 
it splits through the parliiiuns, sXXvt whii-h each cell 
1 generally opens at its inner angle, when it 
' is t^iliridn/, lis in Fig. 306. These names 
are oC Latin dentation, the first meaning 
"eutiing into the cells"; the second, "eut- 
[ ting through the partitions." Of the first 
sort, the Lily and Iris (Fig. 305) are good 
examples; of the second, ihe Rhododen- 
dron, Azalea, and St. John'a-worl. From 
the structure of the pistil (305-811) the 
*" *" student will readily see, that the line down 

the back of each cell answers to llie dorsal suture of [l>e carpel ; eo 
that Ihe pod opens hy this when locuiicid»I, while it sepai'ales into 
its component carpels, which open as follicles, when septicidal. 
Some pods open both ways, and so split into twice as many valves 
as the carpels of which they are formed. 

359. In loculicidal dehiscence the valves naturally bear the parr 
titions on their middle; in (he septicidal, half the thickness of li 
partition is borne on the margin of each valve. See the diagrams 
Fig. 307 - 309. A variation of either mode s 




^^ 



shown in Ihe diagram, Fig. 309, where the valves break away from 
the partitions. This is tailed septifragai dehiscence ; and may be 
Been in the Moming-Glory. 

3G0. Three remaining sorts of pods are distinguished by proper 
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361. The Siliqoe (Fig. 310), the peculiar pod of ihe Muolard Tarn. 
ily ; which is two-celleil by a I'uIm partition stretclied across between 
two parietal placeiitte. It generally opens by two valves 
from below upward.^, and tlie placente with the partition 
are left behind when the valves fall o(f. 

SC2. A Silicic or Fanch is only a short and broad silique, 
like that of the Shephei-d's Purse, of the Candy-luft, Sec 

363. The Pjlis is a pod which opens by u circular hori- 
l«l line, the upper part forming a lid, as 
'urslane (Fig. 311), the Plantain, Hen- 
bane, &C. In these the dehiscence extends 4 
all round, or is circumciuile. So it does 

1 Fig. 208, which represents a sort of t 
eeded pyxis. In Jeffersonia or Twin-leaf, the line 
oea not se[i!irale quil« round, but leaves a portion 
"' to form a hinge to the lid. 

364. Multiple or Collective Frnita (334) are, properly speaking, 
masses of fruits, resulting from several or many bloasoms, ^gre- 
puted into one body. The pine-apple, mulberry, OsageKirange, and 
the fig, are fruits of this kind. This latter is a peculiar foim, how- 
ever, being to a mulberry nearly what a Rose-hip is to a sirawberry 
(Fig. 279, 280), namely, with a hollow receptacle bearing the flowers 
concealed inside ; and the whole eatable part is this pui^ty common 
ri'ceplacle, or hollow thickened flower-stalk. 

se."). A Strobile, or Cone (Fig. 314), is ifae pe- 
culiar multiple fruit of Pines, Cypresses, and rv 
the like; hence named Coniferte, viz. cone- jjiljN 
bearing plants. As already shown (322), these m'i\ 
cones are made of open pisti/s, mostly in the WlJ 
form of flat scales, regularly overlying each W 
other, and pressed together in a spike or head. •*• "■ 
Each scale bears one or two naked seeds on its inner &ce. When 
the cone is ripe and dry, the scales turn back or diverge, and the 
seed peels off and falls, generally carrying with it a wing, which was 
a part of the lining of the scale, and which facilitates the dispersion 
of the seeds by the wind (Fig. 312, 313). In Arbor-Vila, the scales 

Fia. 310. W1iqueofSprin(rC™9B(C«rd»mip«ihombni<l6.i) npenlni! 
Flo. 311. Thapyil9,nrpDd,orihBcoinmnnPur'lnn« 

FIG 3,a. i„.ij, vi™ of , «,„ f„,„ ,h, „„« „f p,„h.n„ , „i,t, „„ „, a„ ^/ 

(Pie. 313] dcliebHl ; ths oiher in iu placg oo 11m KaJa. 
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of the small cone are few, and not very unlike the leaves (Fig. 2G5). 
Id Cypress ihey are v(.Ty thick at the top and narrow at tlie base, so 
a8 to make a peculiar liort of closed cone. In Juniper and Bed Ce- 
dar, the fav/ scales of the very small cone become fleshy, and ripen 
into a fruit which might be taken lor a berr}'. 



LESSON XXI. 



THE SEED. 



S66. The ovules (333), when they have an embryo (or unde- 
veloped plantlet, 16) formed in them, become seeds. 

367. The Seed, like the ovule from which it originates, consists 
of its coats, or integuments, and a kernel. 

The SMd-CoatS are commonly two (324), the outer and the 
inner. Fig. 315 showit the two, in a seed cut through 
17^ V, lengliiwise. The outer coat is oilen hard or crustaceous, 
v^s\l\ll whence it is called the Testa, or shell of the seed ; the 
lin and delicate. 
869. The shape and the markings, bo various in dif- 
ferent seeds, depend mostly on the outer coat. Sometimes it fits 
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the kernel closely ; sometimeB it is expanded into a wing, as in the 
Trumpet-Creeper (Fig. 31G), and occaajonally this wing ia cut up 
into shreda or tuf)?, as in the JDatalpn ; or instead of a 
ving it may bear a coma, i.r tuft of long and eofl hairs, 
Bucbaswefind in 1 he Milkweed or Silkwted (Fig. 317). 
The object of wings or downy tufls is to render the seeds 
buoyant, so that they may be widely dispersed by the 
winds. This is clear, not only from their evident adap- 
lalion to this purpose, but also from the interesting fact *" 
■hat winged and tufied seeds are found only in fruits that split open 
at maturity, never in those that remain closed. The coat of some 
seeds is beset with long faairs or wool. Cotton, one of 
the most important vegetable products, — since it forms 
the principal clothing of the larger part of the human 
race, — consists of the long and woolly faairs which 
thickly cover the whole sur&ce of the seed. Certain 
seeds have an additional, but more or less incomplete 
covering, outside of the real seed-coats, called an 

370. iril, or Arillns. The loose and transparent bag 
which encloses the seed of the White Water-Lity (Fig. m 
818) is of this kind. .So is the mace of the nutmeg; and also the 

S scarlet pulp around the seeds of the Waxwork (Celastrus) 
and Si raw berry -bush (Euonymus), so ornamental in autumn, 
after the pods burst. The aril is a growth from the ex- 
tremity of the seed-stalk, or the placenta. 
371. The names of the parts of the seed and of its kinds 
,„ are the same as in the ovule. The scar left where the seed- 
stalk separates is called ^ - 
the Hilum. The orifice 
of the ovule, now closed 
up, and showing only a 
small point or mark, b 
named the Micropyk. The terms orthotropout, anatropous, Sec 

FIG. 316. A wingid Hed of Ote Trumpai-Cnsper. 

PIG. 317. Beei ot MilkuHd, wilh * wu ar Kift of lon( litky haln ■! one end. 

FIG. 318. 8e«lorWhiwWiiIer-Llty,encluKdlnltHiiril. 

FIG. 3J9, Bctilafi Vli:1el(iitiilinpan«): e, hilum; t, rhlphir; i, chilaii. 

FIG. 390. Scwlnn Lark-pur (ilHoaiimipDiiB); llio pomlcitered naiii lh« lu<. 

FIB. 331. Ths inine, cut IliriHieh lenglhwint s, Uh Ijlluitii c, ch>lam> -I, auttt n»A- 

F[G. Sa. ShiI or ■ Bu Julin'a-WDn, divhlHl IcnilJiwlH; taura Uw wligia kenwl la 
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apply to seeds just as they do to ovules (325) ; and so do those 
terms which express the direction of the ovule or the seed in the 
cell ; such as erect, cucending^ harizontcU, pendulous^ or suspended 
(323) : therefore it is not necessary to explain them anew. The 
accompanying figures (Fig. 319-322) show all the parts of the 
most common kind of seed, namely, the anatropous. 

372. The KerDel, or Nocleus, is the whole body of the seed within the 
coats. In many seeds the kernel is all Embryo ; in others a large 
part of it is the Albumen. 

373. The ilbamen of the seed is an accumulation of nourishing 
matter (starch, &c.), commonly surrounding the embryo, and des- 
tined to nourish it when it begins to grow, as was explained in the 
earlier Lessons (30-32). It is the floury part of wheat, com (Fig. 
38, 39), buckwheat, and the like. But it is not always meaJy in 
texture. In Poppy-seeds it is oily. In the seeds of Fseony and 
Barberry, and in the cocoanut, it is fleshy ; in cofl^ it is corneous 
(that is, hard and tough, like horn) ; in the Ivory Palm it has the 
hardness as well as the general appearance of ivory, and is now 
largely used as a substitute for it in the fabrication of small objects. 
However solid its texture, the albumen always softens and partly 
liquefies during geimination ; when a considerable portion of it is 
transformed into sugar, or into other forms of fluid nourishment, od 
which the growing embryo may feed. 

374. Tlie Embryo, or Germ, is the part to which all the rest of the 
seed, and also the fruit and the flower, are subservient* When the 
embryo is small and its parts little developed, the albumen is the 
more abundant, and makes up the principal bulk of the seed, as in 
Fig. 30, 321, 325. On the other hand, in many seeds there is no 
albumen at all ; but the strong embryo forms the whole kernel ; as 
in the Maple (Fig. 2, 3), Pumpkin (Fig. 9), Almond, Plum, and 
Apple (Fig. 11, 12), Beech (Fig. 13), and the like. Then, what- 
ever nourishment is needed to establish the plantlet in the soil is 
stored up in the body of the embryo itself, mostly in its seed-leaves. 
And these accordingly often become very large and thick, as in the 
almond, bean, and pea (Fig. 16, 19), acorn (Fig. 21), chestnut, and 
horsechestnut (Fig. 23, 24). Besides these. Fig. 25, 26, 30 to 37, 
43, and 45 exhibit various common forms of the embryo ; and also 
some of the ways in which it is placed in the albumen ; being 
sometimes straight, and sometimes variously coiled up or packed 
away. 
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375. The embryo, being a rudimentary plantlet, ready formed in 
the seed, has only to grow and develop its parts to become a young 
plant (15). Even in the seed these parts are generally distinguish- 
able, and are sometimes very conspicuous ; as in a Pumpkin-seed, for 
example (Fig. 323, 324). They are, first, 

376. The Radicle^ or rudimentary stemlet, which is sometimes long 
and slender, and sometimes very short, as we may see in the numer- 
ous figures already referred to. In the seed it always 
points to the micropyle (371), or what answers to the 
foramen of the ovule (Fig. 325, 326). As to its po- 
sition in the fruit, it is said to be inferior when it points 
to the base of the pericarp, superior when it points to 
its summit, &c. The base or free end of the radicle 
gives rise to the root ; the other extremity bears 

377. The Cotyledons or Seed-leaves. With these in various forms we 
have already become familiar. The number of 
cotyledons has also been explained to be impor- 
tant (32, 33). In Com (Fig. 40), and in all 
Grasses, Lilies, and the like, we have a 

Monocotyledanotis embryo, namely, one fur- ^ ^ 

nished with only a single cotyledon or seed-leaf. — Nearly all the 
rest of our illustrations exhibit various forms of the 

Dicotyledonous embryo ; namely, with a pair of cotyledons or seed- 
leaves, always opposite each other. In the Pine family we find a 

Polycotyledonous embryo (Fig. 45, 46) ; that is, one with several 
or more than two, seed-leaves, arranged in a circle or whorl. 

378. The Plomole is the little bud, or rudiment of the next leaf or 
pair of leaves after the seed-leaves. It appears at the summit of 
the radicle, between the cotyledons when there is a pair of them, 
as in Fig. 324, 14, 24, &c. ; or the cotyledon when only one is 
wrapped round it, as in Indian Corn, Fig. 40. In germination the 
plumule develops upward, to form the ascending trunk or st^m of 
the plant, while the other end of the radicle grows downward, 
and becomes the root. 

FIG. 323. Embryo of the Pumpkin, seen flatwise. 334. Same cut through and viewed 
edgewise, enlarged ; the small plumule seen between the cotyledons at their base. 

FIG. 325. Seed of a Violet (Fig. 319) cut through, showing the embryo in the section, 
edgewise ; being an anatropovs seed, the radicle of the straight embryo points down to the 
base near the hilum. 

FIG. ^6. Similar section of the orthotropous seed of Buckwheat Here the radicle points 
directly away from the hilum, and to the apex of the seed ; also the thin cotyledons happen 
ill this plant to be bent round into the same direction. 

12* 
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379. This completes the circle, and brings our vegetable history 
round to its starting-point in the Second Lesson ; namely, Tho 
Growth of the Plant from the Seed. 




LESSON XXII. 



HOW PLANTS GROW. 



380. A PLANT grows from the seed, and from a tiny embryo, liko 
that of the Maple (Fig. 327), becomes perhaps a large tree, pro- 
ducing every year a crop of seeds, to grow in their turn in the same 
way. But how does the plant grow ? A little seedling, weighing 
only two or three grains, often doubles its weight every week of its 
early growth, and in time may develop into a huge bulk, of many 
tons' weight of vegetable matter. How is this done ? What is vege- 
table matter ? Where did it all come from ? And by what means 
is it increased and accumulated in plants ? Such questions as these 
will now naturally arise in any inquiring mind ; and we must try to 
answer them. 

381. Growth is the increase of a living thing in size and substance. 
It appears so natural to us that plants and animals should grow, that 
people rarely think of it as requiring any explanation. They say 
that a thing is so because it grew so. Still we wish to know how 
the growth takes place. 

382. Now, in the foregoing Lessons we explained the whole struc- 
ture of the plant, with all its organs, by beginning with the seedling 
pUntlet, and following it onward in its development through the 

FIG. 3S7. GenuinaUng embryo of a Ma|d«. 
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vbole course of vegetation (12, Sec.). So, in attempting to learn 
how this growth took place, it will be best to adopt the same plan, 
and to commence with the commencement, that is, with the first 
formation of a plant. This may eeem not so easy, because we have 
to begin wiih parts too small to be seen without a good microscope, 
and requiring much skill to dissect and ezbibit. But it b hy no 
means difficult to describe them ; and with the aid of a few figures 
we may hope to malie the whole mat- 
ter clear. 

383. The embryo in the ripe seed 
is already a plant in miniature, as we 
have learned in the Second, Third, 
and Twenty-first Les!>ori3. It is al- 
ready provided with stem and leaves. 
To learn how the plant began, there- 
fore, we must go back to an earlier 
period still ; namely, to the forma- 
tion and 

384. Growth o! tile Embryo itself. 

For this purpose we return to the 
ovule in the pistil of the flower (323). 
During or soon after blossoming, a 
cavity appears in llie kernel or nu- 
cleus of the ovule ( Fig. 274, o), lined 
with a delicate membrane, and so 
forming a closed sae, named tbe 
etabrt/osac {$). In this sac or cav- ' 
ity, at its upper end (viz. at the 
end next the orifice of (he ovule), 
appears a roundish little wgicle or 
bladder-like body (v), perhaps less ^ 

than one thousandth of an inch in 

diameter. This is the embryo, or rudimentary new plant, at its 
very beginning. But this vesicle never becomes anything more 
than a grain of soft pulp, unless the ovule has been acted upon by 
the pollen. 
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385. The pollen (297) which falls upon the stigma grows there 

in a peculiar way : its delicate inner coat extends into a tube (the 

pollen-tube), which sinks into the loose tissue of the stigma and 

the interior of the style, something as the root of a seedling 

sinks into the loose soil, reaches the cavity of the ovary, and at 

length penetrates the orifice of an ovule. The point of the pollen- 

*• tube reaches the surface of the embryo-sac, and in 

/r»vv some unexplained way causes a particle of soft pulpy 

^ or mucilaginous matter (Fig. 328) to form a mem- 

wb- branous coat and to expand into a vesicle, which is 

the germ of the embryo. 

386. This vesicle (shown detached and more mag« 
nified in Fig. 329) is a specimen of what botanists call 
a CeSL Its wall of very delicate membrane encloses a 
mucilaginous liquid, in which there are often some 
minute grains, and commonly a larger soft mass 
(called its nucietts), 

387. Growth takes place by this vesicle or cell, 
after enlarging to a certain size, dividing by the for- 
mation of a cross partition into two such cells, co- 
hering together (Fig. 330) ; one of these into two 
more (Fig. 331); and these repeating the process 
by partitions formed in both directions (Fig. 332); 
forming a cluster or mass of cells, essentially like the 

first, and all proceeding from it. After increasing in number for 
some time in this way, 
and by a continuation of 
the same process, the em- 
bryo begins to shape it- 
self; the upper end forms 
the radicle or root-end, 
while the other end shows a notch between two lobes (Fig. 333), 
these lobes become the cotyledons or seed-leaves, and the embryo 
as it exists in the seed is at length completed (Fig. 336) 

FIG. 329. Vesicle or first cell of the embryo, with a portion of the siimmit of the embryo^ 
Mc, detached. 330. Same, more advanced, divided into two cells. 331. Same, a little fer- 
ther advanced, consisting of three cells. 333. Same, still more advanced, consisting of a 
little mass of young cells. * 

FIG. 333. Forming embryo of Buckwheat, moderately magnified, showing a nick at the 
end where the cotyledons are to be. 334. Same, more advanced in growth. 335. Same, 
atill farther advanced. 336. The completed embryo, displayed and strai^tened out ; th« 
Mune as shown in a section when folded together in Fig. 306. 
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388. The Growlh of tin Planflrt when it springs from ihc seed is 
only a continuation of tiie same process. Tlie bladder-like cells of 
which the embryo consists multiply in number by the repeated 
division of each cell into two. And the planllet is merely the ag- 
gregation of a vastly latter number of these cells. This may be 
clearly ascertained by magnifying any part of a young plantleL The 
young root, being more transparent " 

than the I'est, answers the purpose 
best Fig. 56, on page 30, repre- . 
eents the end of the rootlet of Fig. t 
55, magnified enough to show the i 
cells that form the surface. Fig. 
337 and 333 are two small bits of ' 
the surface more highly magnified, 
showing the cells still lai^er. And 
if we make a thin slice through the 
young root both lengthwise and 
crosswise, and view it under a good 
microscope ""^ig. 340), we may per- 
ceive that the whole interior is made up of just such c 
the same with the young stem and the leaves (Fig. Soo, 357). 
It is essentially the same in the full-grown herb and the tree. 

389. So the plant is an aggregation of countless millions of lillle 
vesicles, or celts (Fig. 339), oi they are called, essentially like 

the cell it began wiih in the formation of the embrjo 
(Fig. 329) ; and this first cell is the foundation of 
the whole structure, or the ancestor of all the rest. 
And a plant is a kind of structure built up of these 
individual cells, something as a bouse is built of 
bricks, — only the bricks or cells are not brought to the forming 
plant, but are made in it and by it ; or, lo give a better comparison, 
the plant is constructed mucli as a honeycomb is built up of cells, 
— only the plant constructs itself, and shapes its own maleriala into 
fitting forms. 

390. And vegetable growth consists of two things; — 1st, the ex- 
pansion of each cell until it gets its full size (which is commonly not 
more than ^jj of an inch in diameter) ; and ^d, the multiplication 

no. S37. IWne rrom tbs [ootlet Df ■ Hedling Maple, magiiUeil, showlDg rooMnln, 
nS- A smiU portlnn, mon magnlOed. 
na.iaa. Ar%alul;(inln.dded<wU,lttaliwworFl(.S40,il*t«llwa. 
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of the cells in nnmber. It ia by the latter, of course, that the prin- 
cipal increase of plants in bulk takes place. 



LESSON XXIIL 

VEGETABLE FABRIC : CELLULAR TISSUE. 

891. Ornnic SlnitlDre. A mineral — such as a crystal of spar, or 
a piece of marble — may be divided into smaller and sijll smaller 
pieces, and yet the minutest portion that can be seen with the mi- 
croscope will have all the characters of the larger body, and be 
capable of still further subdivision, if we had the means of doing it, 
into just such particles, only of smaller size. A plant may also be 
divided inio a number of similar parts: first into branches; then 
each branch or stem, inIo joints or similar parts (34), each with its 
leaf or pair of leaves. But if we divide these into pieces, the pieces 
are not all alike, nor have they separately the properties of the 
whole ; they are not whole things, but fragments or slices. 

S93. If now, under the microscope, we subdivide a leaf, or a piece 
of stem or root, we come down in the same way to the set of similar 
things it is made of, — ^lo cavities with closed walls^ — to CeUt, as we 
mil them (386), essentially the same everywhere, however they may 
vary in shape. These are the uniU, or the elements of which every 
part consists ; and it is their growth and their multiplication whicjk 

no. 340. Hagulfled Tigw, or diignm, of loma fttffOj ngular nllnbr tbnu, Ibnud sf 



I.ESSON 23.] CELLULAR TISSUE. 143 

make the growth of the plant, as was shown in the last Lesson. 
We cannot divide them into similar smaller parts having the prop- 
erties of the whole, as we may any mineral body. We may cut 
them in pieces ; but the pieces are only mutilated parts of a cell. 
This is a peculiarity of organic things (2, 3) : it is organic structure. 
Being composed of cells, the main structure of plants is called 

393. Cellular Tissue. The cells, as they multiply, build up the 
tissues or fabric of the plant, which, as we have said (389), may be 
likened to a wall or an ediiice built of bri(!ks, or still better to a 
honeycomb composed of ranges of cells (Fig. 340). 

394. The walls of the cells are united where they touch each 
other; and so the partition appears to be a simple membrane, 
although it is really double ; as may be shown by boiling the tissue 
a few minutes and then pulling the parts asunder. And in sofl fruits 
the cells separate in ripening, although they were perfectly united 
into a tissue, when green, like that of Fig. 340. 

395. In that figure the cells fit together perfectly, leaving no 
interstices, except a very small space at some of the comers. 
But in most leaves, the cells are loosely heaped together, leaving 
spaces or passages of all sizes (Fig. 356) ; and in the leaves and 
stems of aquatic and marsh plants, in particular, the cells are built 
up into narrow partitions, which form the sides of large and regular 
canals or passages (as shown in Fig. 341). These passages form 
the holes or cavities so conspicuous on cutting across any of these 
plants, and which are always filled with air. They may be likened 
to a stack of chimneys, built up of cells in place of bricks. 

396. When small and irregular, the interstices are called inter* 
ceUudar spaces (that is, spaces between the cells). When large and 
regular, they are named intercellular passages or air'passages, 

397. It will be noticed that in slices of the root, stem, or any tissue 
where the cells are not partly separate, the boundaries of the cells 
are usually more or less six-sided, like the cells of a honeycomb ; 
and this is apt to be the case in whatever direction the slice is made, 
whether crosswise, lengthwise, or obliquely. The reason of this is 
easy to see. The natural figure of the cell is globular Cells which 
are not pressed upon by others are generally round or roundish 
(except when they grow in some particular direction), as we see in 
the green pulp of many leaves. When a quantity of spheres (such, 
for instance, as a pile of cannon-balls) are heaped up, each one in the 
interior of the heap is touched by twelve others. If the spheres be 
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8oft and yielding, as young cells are, when pressed together they will 
become twelve-sided, like that in Fig. B3d, And a section in any 
direction will be six-sided, as ara the ine&.hes in Fig. 340. 

398. The size of the common cells of plants varies from about 
the thirtieth to the thousandth of an inch in diameter. An ordinary 
size is from -^^j^ to 3 jj of an inch ; so that there may generally be 
from 27 to 125 millions of cells in the compass of a cubic inch ! 

399. Now when it is remembered that many stems shoot up at 
the rate of an inch or two a day, and sometimes of three or four 
inches, knowing the size of the cells, we may form some conception 
of the rapidity of their formation. The giant Puff-ball has been 
known to enlarge from an inch or so to nearly a foot in diameter 
in a single night ; but much of this is probably owing to expansion. 
We take therefore a more decisive, but equally extraordinary case, 
in the huge flowering stem of the Century-Plant After waiting 
many years, or even for a century, to gather strength and materials 
for the effort, Centur}'-Plants in our conservatories send up a flow- 
ering stalk, which grows day af\er day at the rate of a foot in twenty- 
four hours, and becomes about six inches in diameter. This, sup- 
posing the cells to average ^^^ of an inch in diameter, requires the 
formation of over twenty thousand millions of cells in a day ! 

400. The walls of the cells are almost always colorless. The 
green color of leaves and young bark, and all the brilliant hues of 
flowers, are due to the contents of the cells, seen through their more 
or less transparent walls. 

401. At first the walls are always very thin. In all sofl parts 
they remain so ; but in other cases they thicken on the inside and 
harden, as we see in the stone of stone-fruits, and in all hard wood 
(Fig. 345) Sometimes this thickening continues until the cell is 
nearly filled up solid. 

402. The walls of cells are perfectly closed and whole, at least in 
all young and living cells. Those with thickened walls have thin 
places, indeed ; but there are no holes opening from one cell into 
another. And yet through these closed cells the sap and all the 
juices are conveyed from one end of the plant to the other. 

403. Vegetable cells may vary widely in shape, particularly when 
not combined into a tissue or solid fabric. The hairs of plants, for 
example, are cells drawn out into tubes, or are composed of a row 
of cells, growing on the surface. Cotton consists of simple long hairs 
30 the coat of the seed ; and these hairs are single cells. The hair- 
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like bodies wtiich abound on young roots are very elender proj^c- 
tiond of some of the superficial cells, as is seen in Fig. 337. Even 
the fibres of wood, and what are called vesseU in plants, are only 
peculiar forms or transformations of cells. 
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404. Cellular TiasuF, such as described in ihe lust Lesson, 
makes up the whole structure of all verj young plants, and the 
whole of Masses and oilier vegetables of the lowest grade, even 
when full grown. But this fiibric is too tender or too brittle to 
give needful strength and toughness for plants which are to rise to 
any considerable height and support themselves. So alt such plants 
have also in their composition more or less of 

405. Wood. This is found in all common herbs, as well as in 
shrubs and trees ; only there is not so much of it in proportion to 
the sofier cellular tissue. It is formed very early in the growth of 
the root, stem, and leaves ; traces of it appearing in large embrjos 
even while yet in the seed. 

406. Wood -is likewise formed of cells, — of cells which at first 
are just like those that form the sofl parts of plants. But early in 
their growth, some of these lengthen and at the same time thicken 
their walls; these are what is called Woodff Fibre or Wood- Cells ; 
others grow to a greater size, have ihin walls with various markings 
upon them, and oflen run together end to end so as to form pretty 

no S(l. Part nf a ulliii ^jMii -.he atim nf thu (Mia, nr wtlmr mihmll. Afrfc~ni., miy tflrt 
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lurge lubeo, comparalively ; lliese are colled Z>«rt<, or sometimes 
yeueU. Wood idmoat alwaya coiisistB of both vioody fibres and duels, 
Mt M M variouslj intermingled, and combined 

in 10 bundles or threads which run 
lengthwise through the root and stem, 
and are sprtad out to form the frame- 
work of the leaves (136). In trees 
and shrubs they are so numerous and 
crowded together, that Ihey make a 

* solid mass of wood. In herbs they 
are fewer, and often scattered. That 
is all the difference. 

J 407. The porasity of some kinds of 
wood, which is lo be seen by the naked 
eye, as in mahogany and Oak-wood, ia 
owing to a hirge sort of ducts. These 

* generally contain air, except in very 

* young parts, and in the spring of the 
year, when they are often gorged with 
sap, as we see in a wounded Grape- 
vine, or in the trunk of a Sugar-Maple 
at that time. But in woody plants 
through the season, the sap is usually 

J carried up from the roots to the leaves 

by the 
408. Wood-Cells, or Woody Fibre. (Fig. 342-345.) These are 
staM tubes, commonly between one and two thousandths, but in 
Pine-wood sometimes two or three hundredths, of an inch in diam- 
eter. Those from the tough bark of the Basswood, shown in Pig. . 
342, are only the fifteen-hundredth of an inch wide. Those of But- 
lonwood (Fig, 345) are larger, and are here highly magnified be- 
sides. They also show the way wood-cells are commonly put to- 
gether, namely, with their tapering ends overlapping each other, — 
«pliced tt^ther, as it were, — thus giving more strength and tough-' 
uess to the stem, lu^ 
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409. In hard woods, Bach as Hickory, Oak, and Butlonwood (Fig. 
345), ihe walls of these tubes are very thick, as well aa dense ; while 
in Boft woods, such as While-Pine and Basswood, they are pretty thin. 

410. Wood-ceils, like other cells (at least when young and living), 
have no openings ; each has its own cavity, closed and independent. 
They do not (orm anything like a set of pipes opening one into an- 
other, Eo as to convey an unbroken stream of sap through the plant, 
in the way people generally suppose. The conlenta can pass from one 
cell to another only by getting through the partitions in some way or 
other. And so short are the individual wood- ^^ 
cells generally, that, to rise a foot in such a tree 
as the Basswood, the sap has to pass through 
about two thousand partitions 1 

411. But although there are no holes (ex- 
cept by breaking away when old), there are 
plenty of thin places, which look like perfora- 
tions; and through these the sap is readily trans- 
ferred from one cell to another, in a manner to 
be explained further on (487). Some of them »b »t 
are exhibited in Fig. 34a, both as looked directly down upon, when 
they appear as dots or holes, and in protlle where the cells are cut 
through. The latter view shows what they really are, namely, very 
thin places in the thickness of the wall ; and also that a tliin place in 
one cell exactly corresponds to one in Ihe contiguous wall of the next 
cell. In the wood of Ihe Pine family, these thin spots are much 
larger, and are very conspicuous in a thin slice of wood under the 
microscope (Fig. 346, 347) ; — forming stamps impressed as it were 
upon each Sbre of every tree of this great family, by which it may 
be known even in the smallest fragment of its wood. 

1^412. Wood-cells in the bark ai-e generally longer, finer, and 
tougher than those of the proper wood, and appear more like fibres. 
For example. Fig. 344 represents a celt of the wood of Basswood, 
of average length, and Fig. 342 one (nnd part of another) of the 
fibrous bark, both drawn lo the same sc:ile. As these long cells 
form the principal part of fibrous bark, or bast, they are named .Scwf- 
ceSs or Satt-Jiires. These give tlie great toughness to the inner 
bark of Basswood (i. e. Bast-wood) and of Leatherwood ; and they 

FIO. us. A bit of nae-iliiTlng, highly magnified, ihn 
It ths nil of the vood-ulli.' S4T. A septrUe Tood^ell, it 
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furni$h the invnluable fibres of flax and hemp ; the wood of the 
stem being lender, brittle, and destmjed by tlie proceuses which 
separate for use the tough and slender bast-cells. 

413. Dncll (Fig. 348-350) are lai^r than wood-cells, Bome of 
them having a calibre large enough to be seen by the naked eye, 

when cut across. (407), although 
they are usually much loo small 
for Ihi;'. They are either long 
single cells, or are formed of a row 
of cells placed end to end. Fig. 
349, a piece of a large dotted duct, 
and two of the ducts in Fig. 350, 
show this by their joints, which 
mark the boundHries of the several 
MI m EM cells they are composed of. 

414. The walls of ducts under the microscope display various 
kinds of markings. In what are called 

Dotted Duels (Fig. 348, 349), which are the rammoneEt and the 
largest of all, — their cut ends making the visible porosity of Oak- 
wood, — the whole wail is apparently riddled with holes; hot until 
they become old, these are only thin places. 

Spiral Ductg, or Spiral Vesseh, also the varieties of these called 
Annular or Banded Ducts (Fig. 350), are marked by a delicate fibre 
spirally coiled, or by rings or bands, thickening the wall. In the 
genuine spiral duct, the thread may be uncoiled, tearing the trans- 
parent wall in pieces; — as may be seen by breaking most young 
shoots, or the leaves of Strawberry or Amaryllis, and pulling the 
broken ends gently asunder, uncoiling these gossamer threads in 
abundance. In Fig. 355, some of these various sorts of ducts or 
vessels are shown in Iheir place in the wooil. 

415. MUh-Veuelt, Turpentine- Vessels, Oi.l'Eeceptaclet, and the 
like, are generally canals or cavities formed between or among the 
cells, and filled with the particular products of the plant 

FIG. 348. Fun Df ■dcMIed diirlftomiGnpe-vins. 349. A siniilir DIM, evidcnllr COID- 
pnBtd or 1 row or rella. 3S0. Pirt of i bundle of spinl snii aonulu ducu fniD Ibe Man 
■f Folygomim «i*utal«, m Frintea' FHIhar. All biiUy nufUBcd. 
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LESSON XXV. 

ANATOMY OF THE ROOT, STEM, AND LEAVES. 

416. Having in the last preceding Lessons learned what the 
materials of the vegetable fabric are, we may now briefly consider 
how they are put together, and how they act in carrying on the 
plant's operations. 

417. The root and the stem are so much alike in their internal 
structure, that a description of the anatomy of the latter will answer 
for the former also. 

418. The Stractnre of the Rootlets, however, or the tip of the root, 
demands a moment's attention. The tip of the root is the newest 
part, and is constantly renewing itself so long as the plant is active 
(67). It is shown magnified in Fig. 56, and is the same in all rootlets 
as in the first root of the seedling. The new roots, or their new 
pai'ts, are mainly concerned in imbibing moisture from the ground ; 
and the newer they are, the more actively do they absorb. The ab- 
sorbing ends of. roots are entirely composed of soft, new, and very 
thin-walled cellular tissue; it is only farther back that some wood- 
cells and ducts are found. The moisture (and probably also air) 
presented to them is absorbed through the delicate walls, which, like 
those of the cells in the interior, are destitute of openings or pores 
visible even under the highest possible magnifying power. 

419. But as the rootlet grows older, the cells of its external layer 
harden their walls, and form a sort of skin, or epidermis (like that 
which everywhere covers the stem and foliage above ground), which 
greatly checks absorption. Boots accordingly cease \ery actively to 
imbibe moisture almost as soon as they stop growing (67). 

420. Many of the cells of the surface of young rootlets send out a 
prolongation in the form of a slender hair-like tube, closed of course 
at the apex, but at the base opening into the cavity of the cell. 
These tubes or root-hairs (shown in Fig. 55 and 56, and a few of 
them, more magnified, in Fig. 337 and 338), sent out "in all direc- 
tions into the soil, vastly increase the amount of absorbing surface 
which the root presents to it. 

421. Strneture of the Stem (also of the body of the root). At the 
beginning, when the root and stem spring from the seed, they consist 

13* 
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almost entirety of soil and tender cellular tiseue. But ae they grow, 
wood begins at once to be roriucd in them. 

422. This woody malerial id arranged in the stem in two rery 
different ways in different plants, making two sorts of wood. One 
sort we see in a Palm-slem, a rattan, and a Com-sialk (Fi^-. 351) ; 
tlie other we are familiar with in Oak, Maple, and all our common 
kinds of wood. In the first, the wood is made up of sepai-ate threads, 
Bcaltered here and there throughout ihe whole diameter of the stem. 
In the second the woid is all collected to form a layer {in a slice 
across appearing as a ring) of wood, between a central cellular part 
which has none in it, the Pith, and an outer cellular part, the Bark. 
This last is the plan of all our Northern trees and shrubs, and of the 
greater part of our herbs. The first kind is 

433. Tbe EDdogenoDS Stem ; so named from two Gr«ek words mean- 
ing " inside-growing," because, when it lasts from year to year, the 
new wood which is added is interspersed among 
the older threads of wood, and in old stems the 
hardest and oldest wood is near the surface, and 
the youngest and softest towards the centre. AIL 
the plants represented in Fig. 47, on p. 19, (ex- 
cept the anomalous Cycas,) are examples of En. 
dogenous stems. And all such belong to plants 
with only one cotyledon or seed-leaf to the em- 
bryo (32), Botanists therefore call them Endoge- 
nout or MonocotyUdonojii Plants, using sometimes 
»i one name, and sometimes the other. Endogenous 

stems have no separate pith in the centre, no distinct bark, and no 
layer or ring of wood between these two ; but the threads of wood 
are scattered throughout the whole, without any particular order. 
This is very different from 

424. Tht ElOgenODS Stem, the one we have most to do with, since 
all our Northern trees and shrubs are constructed on tliis plan. It 
belongs to all plants which have two cotyledons to the embryo (or 
more than two, such as Pines, 33) ; so that we call these either 
Exogenout or DicotyJedonom Plants (16), accordingly as we take 
the name from the stem or from the embryo. 

425. In the Exogenous stem, as already stated, the wood is all 
collected into one zone, surrounding a pilh of pure cellular tissue in 
the centi-e, and surrounded by a distinct and separable bark, the 

FIG. 3SI. Ssctioa oT ( Coin-aulJE (u gndi^uioiui Own), bolli aomviae nd IbbcUivIMl 
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ouU^r part of which id also cellular. This structure is very familiar 
in common wood. It is really just the same in tlje stem of an herb, 

I only the wood is much less in quantity. Compare, for 
instance, a crosa-^ection of the stem of Flax (Fig. 352) 
with that of a shoot of Maple or Horsechestnut of 
the same age. In an herb, the wood at the beginning 
consists of separate threads or little wedges of wood; 
but these, however few and scattered they may be, are 
all so placed in the •" 

stem as to mark out 1^0 

cross-section a ring) 1^^ 

of wood, dividing the 
pith within from the 
bark without. 

42&. Theaccompa- 
nying figures (which 
are diagrams rather 
than exact delinea- 
tions) may serve to 
illustrate the anat- 
omy of a woody 
exogenous stem, of 
one year old. The 
parts are explained 
in the references be- 
low. In the centre is 
ihePith. Surround- 
ing this is the layer ' 

of Wood, consisting both of wood-cells and of ducts or vessels. From 
the pith to the bark on all sides run a set of narrow plates of cellular 
tissue, called Medullary Rays : these make the silver-grain of wood. 
On the cross-section they appear merely as narrow lines; but in 
wood cut lengthwise parallel to them, their faces show as glimmer- 
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ing plates, giving a peculiar appearance to Oak, Maple, and other 
wood with large medullary rays. 

427. The Bark covers and protects the wood. At first it is all 
cellular, like the pith ; but soon some slender woody fibres, called 
bast-cells (Fig. 342), generally appear in it, next the wood, forming 

The LiheTj ar Fibrous Bark, the inner bark ; to which belongs the 
fine fibrous hast or bass of Basswood, and the tough and slender fibres 
of fiax and hemp, which are spun and woven, or made into cordage. 
In the Birch and Beech the inner bark has few if any bast-cells in 
its composition. 

The CeUvIar or Outer Bark consists of cellular tissue only. It is 
distinguished into two parts, an inner and an outer, viz. : — 

The Green Bark, or Green Layer, which consists of tender cells, 
containing the same green matter as the leaves, and serving the 
same purpose. In the course of the first season, in woody stems, this 
becomes covered with 

The Corky Layer, so named because it is the same substance as 
cork ; common cork being the thick corky layer of the bark of the 
Cork-Oak, of Spain. It is this which gives to the stems or twigs of 
shrubs and trees the aspect and the color peculiar to each ; namely, 
light gray in the Ash, purple in the Red Maple, red in several Dog- 
woods, &c. Lastly, 

Hie Epidermis, or skin of the plant, consisting of a layer of thick- 
sided empty cells, covers the whole. 

428. Growth of the Stem year after year. So much for an exogenous 

stem only one year old. The stems of herbs perish at the end of the 
season. But those of shrubs and trees make a new growth every 
year. It is from their mode of growth in diameter that they take the 
name of exoyenotis, i. e. oiUside-growing. The second year, such a 
stem forms a second layer of wood outside of the first ; the third year, 
another outside of that ; and so on, as long as the tree lives. So that 
the trunk of an exogenous tree, when cut off at the base, exhibits as 
many concentric rings of w.ood as it is years old. Over twelve hun- 
dred layers have actually been counted on the stump of an ag< d tree, 
such as the Giant Cedar or Redwood of California; and there are 
doubtless some trees now standing in various parts of the world which 
were already in existence at the beginning of the Christian era. 

429. As to the bark, the green layer seldom grows much after the 
first season. Sometimes the corky layer grows and forms new 
layers, inside of the old, for a good many years, as in the Cork-Oak, 
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the Sweet Gum-tree, and the White and the Paper Birch. But it 
all dies after u while ; and the continual enlargement of the wood 
within finally stretches it more than it can bear, and sooner or later 
cracks and rends it, while the weather acts powerfully upon its 
surface ; so the older bark perishes and falls away piecemeal year 
by year. 

430. But the inner bark, or liber, does make a new growth an- 
nually, as long as the tree lives, inside of that formed the year before, 
and next the surface of the wood. More commonly the liber occurs 
in the form of thin layers, which may be distinctly counted, as in 
Basswood : but this is not alwavs the case. After the outer bark 
is destroyed, the older and dead layers of the inner bark are also 
exposed to the weather, are riven or split into fragments, and fall 
away in succession. In many trees the bark acquires a considerable 
thickness on old trunks, although all except the innermost portion is 
dead ; in others it fiills off more rapidly ; in the stems of Honey- 
suckles and Grape-vines, the bark all separates and hangs in loose 
shreds when only a year or two old. 

431. Sap-wood. In the wood, on the contrary, — owing to its 
growing on the outside alone, — the older layers are quietly buried 
under the newer ones, and protected by them from all disturbance. 
All the wood of the young sapling may be alive, and all its cells 
or woody tubes active in carrying up the sap from the roots to the 
leaves. It is all Sap-wood or AUmmum^ as young and fresh wood 
is called. But the older layers, removed a step farther every year 
from the region of growth, — or rath« r the zone of growth every 
year removed a step farther from them, — soon cease to bear much, 
if any, part in the circulation of the tree, and probably have long 
before ceased to be alive. Sooner or later, according to the kind of 
tree, they are turned into 

432. Heart- wood) which we know is drier, harder, more solid, and 
much more durable as timber, than sap-wood. It is generally of a 
different color, and it exhibits in different species the hue peculiar 
to each, such as reddish in Red-Cedar, brown in Black- Walnut, 
black in Ebony, &c. The change of sap-wood into heart-wood re- 
sults from the thickening of the walls of the wood-cells by the depo- 
sition of hard matter, lining the tubes and diminishing their calibre ; 
and by the deposition of a vegetable coloring-matter peculiar to each 
species. 

433. The heart-wood, being no longer a living pait, may decay 
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and often does so, without the least injury to the tree, except by im- 
pairing the strength of the trunk, and eo rendering it more Hable to 
be overthrown. 

434. The Living Paris of a Tree, of the exogenous kind, are only 
these : first, the rootlets at one extremity ; second, the buds and 
leaves of the season at the other ; and third, a zone consisting of 
the newest wood and the newest bark, connecting the rootlets with 
the buds or leave?, however widely separated these may be, — in 
the largest trees from two to four hundred feet apart. And these 
parts of the tree are all renewed every year. No wonder, there- 
fore, that trees may live so long, since they annually reproduce 
everything that is essential to their life and growth, and since only 
a very small part of their bulk is alive at once. The tree sur- 
vives, but nothing now living has existed long. In it, as elsewhere, 
life is a transitory thing, ever abandoning the old, and displaying 
itself afresh in the new. 

435. Cambioni-liaycr. The new growth in the stem, by which it 
increases in diameter year after year, is confined to a narrow liiie 
between the wood and the inner bark. Cambium is the old name 
for the mucilage which is so abundant between the bark and the 
wood in spring. It was supposed to be poured out there, and that 
the bark really separated from the wood at this time. This is not 
the case. The newest bark and wood are still united by a delicate 
tissue of young and forming cells, — called the Camhium-layer^ — 
loaded with a rich mucilaginous sap, and so tender that in spring 
the bark may be raised from the wood by the slightest force. 
Here, nourished by this rich mucilage, new cells are rapidly form- 
ing by division (387-390) ; the inner ones are added to the wood, 
and the outer to the bark, so producing the annual layers of the 
two, which are ever renewing the life of the trunk. 

436. At the same time new rootlets, growing in a similar way, are 
extending the roots beneath ; and new shoots, charged with new buds, 
annually develop fresh crops of leaves in the air above. Only, 
while the additions to the wood and bark remain as a permanent 
portion of the tree, or until destroyed by decay, the foliage is tem- 
porary, the crop of leaves being annually thrown off after they have 
served their purpose. 

437. StrnetDn of the leaf. Leaves also consist both of a woody 
and a cellular part (135). . The woody part is the framework of ribs 
and veins, which have already been described in full (136 - 147). 
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They serve not only to strengthen the leaf, but bIm to bring in the 
ascending sap, and to distribute it by the veinlets throughout every 
part. The cellular portion is the green pulp, and is nearly the same 
as the green layer of the bark. So tliat the leaf may properly 
enough be regarded as a sort of expansion of the fibrous and green 
layers of the bark. It has of course no corky layer ; but the mhole 
is covered by a transparent skin or epidermis, resembling that of 
the stem. 

438. The green pulp consists of cells of various forms, usually 
loosely arranged, so as (o lyave many irregular spaces, or air-pas- 
sages, communicating witli each other throughout tlie whole intt-rior 
of the leaf (Fig. 3o6). The green color is owing lo a peculiar 
gicen matti^r lying loose in the cells, in form of minute grains, 
named ChhrophyU {i, e. the green of 

leaves). It is this substance, seen 
through the transparent walls of the 
cells where it is accumulated, which 
gives llie common green hue to vege- 
tation, and especially to foliage. 

439. Tlie green pulp i[i most leaves 
forms two principal layers ; an upper 
one, facing the sky, and an under one, 

feeing the ground. The upper one is "* 

always deeper green in color than the lower. This is partly owing, 
perhaps, to a greater amount of chlorophyll in the upper cells, but 
mainly to the more compact arrangement of these cells. As is seen 
in Fig. 356 and 357, the cells of the upper side are oblong or cylin- 
drical, and stand endwise to the surface of the leaf, usually close to- 
gether, leaving hardly any vacant spaces. Those of the lower part 
of ihe leaf are apt to be irregular in shape, most of them with their 
longer diameter parallel to the face of the leaf, and are very loosely 
arranged, leaving many and wide air-chambers. The green color 
undernealh is therefore diluted and paler. 

440. In many plants which grow where they are subject to 
drought, and which hold their leaves during Ibe dry season (the 
Oleander for example), the greater part of llic thickness of the leaf 
consists of layers of long cells, placed endwise and very much com- 
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pacted, so as to expose as little surface as possible to the direct action 
of the hot sun. On the other hand, the leaves of marsh plants, and 
if others not intended to survive a drought, have their cells more 
loosely arranged throughout. In such leaves the epidermis, or skin, 
is made of only one layer of cells ; while in the Oleander, and the 
like, it consists of three or four layers of hard and thick-walled cells. 
In all this, therefore, we plainly see an arrangement for tempering 
the action of direct sunshine, and for restraining a too copious evap- 
oration, which would dry up and destroy the tender cells, at least 
when moisture is not abundantly supplied through the roots. 

441. That the upper side of the leaf alone is so constructed as to 
bear the sunshine, is shown by what happens when their position is 
revenged : then the leaf soon twists on its stalk, so as to turn agam 
its under surface away from the light; and when prevented from 
doing so, it perishes. 

442. A large part of the moisture which the roots of a growing 
plant are constantly absorbing, after being carried up through the 
stem, is evaporated from the leaves. A Sunflower-plant, a little 
over three feet high, and with between ^\e and six thousand square 
inches of surface in foliage, &c., has been found to exhale twenty or 
thirty ounces (between one and two pints) of water in a day. Some 
part of this, no doubt, flies off through the walls of the epidermis or 
skin, at least in sunshine and dry weather ; but no considerable por- 
tion of it. The very object of this skin is to restrain evaporation. 
The greater part of the moisture exhaled escapes from the leaf 
through the 

443. Stomates or Breathing-pores. These are small openings through 
the epidermis into the air-chambers, establishing a direct commu- 
nication between the whole interior of the leaf and the external air. 
Through these the vapor of water and air can freely escape, or 
enter, as the case may be. The aperture is guarded by a pair of 
thin-walled cells, — resembling those of the green pulp within, — 
which open when moist so as to allow exhalation to go on, but 
promptly close when dry, so as to arrest it before the interior of the 
leaf is injured by the dryness. 

444. Like the air-chambers, the breathing-pores belong mainly to 
the under side of the leaf. In the White Lily, — where they are 
unusually large, and easily seen by a simple microscope of mod- 
erate power, — there are about 60,000 to the square inch on the 
epidermis of the lower surface of the leaf, and only about 3,000 in 
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the same space of the upper surface. More commonly there are few 
or none on the upper side ; direct sunshine evidently being unfavor- 
able to their optration. Their immense numbers make up for [heir 
minuteness. They are said to vary from less than 1,000 lo 170,000 
to the squai'e inch of surface. In the Apple-tree, where they are 
under the averiige as to number, there are about 24,000 to the 
square inch of the lower surface ; so that each leaf has not for from 
100,000 of these openings or mouths. 



LESSON XXVI. 

THE PLANT IN ACTION, DOING THE WOPK OF VEGETATION. 

445. Beikg now acquainted with the machinery of the plant, we 
naturally proceed lo inquire what the use of it is, and how it works. 

446. It has already been stated, in the first of these Lessons (7), 
that the great work of plants is to change inorganic into orgmiie 
malter ; that is, lo take portions of earth and air, — of mineral mat- 
ter, — upon which animals cannot live at all, and to convert them 

Fin. 3S7. Fnninn at s While-Uly leaf, cm Ihroiieh nnil mixnillHl, Bbnwlng i iHllon ol 
the OiickDsn,*nd>lH>i pan orihoFtin of Iha lower tide, with mnsliraiiliiu-iian'- 
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into something upon which they can live, namely, into food. All 
the food of all animals is produced by plants. Animals live upon 
vegetables ; and vegetables live upon earth and air, principally 
upon the air. 

447. Plants feed npon Earth and Air. This is evident enough from 
the way in which they live. Many plants will fiourish in pure sand 
or powdered chalk, or on the bare face of a rock or wall, watered 
merely with rain-water. And almost any plant may be made to 
grow from the seed in pure sand, and increase its weight many times, 
even if it will not come to perfection. Many naturally live suspended 
from the branches of trees high in the air, and nourished by it alone, 
never having any connection with the soil (81) ; and some which 
naturally grow on the ground, like the Live-for-ever of the gardens, 
when pulled up by the roots and hung in the air will often flourish 
the whole summer long. 

448. It is true that fast-growing plants, or those which produce 
considerable vegetable matter in one season, — especially in such a 
concentrated form as to be useful as food for man or the higher 
animals, — will come to maturity only in an enriched soil. But 
what is a rich soil? One which contains decomposing vegetable 
matter, or some decomposing animal matter ; that is, in either case, 
0ome decomposing organic matter formerly produced by plants ; 
aided by this, grain-bearing and other important vegetables will 
grow more rapidly and vigorously, and make a greater amount of 
nourishing matter, than they could if left to do the whole work at 
once from the beginning. So that in these cases also all the organic 
matter was made by plants, and made out of earth and air. 

449. Their Chemical Composition shows what Plants are made of. The 

soil and the air in which plants live, and by which they are every- 
where surrounded, supply a variety of materials, some likely to be 
useful to the plant, others not. To know what elements the plant 
makes use of, we must first know of what its fabric and its products 
are co^n posed. 

4i>0 We may distinguish two sorts of materials in plants, one of 
which is absolutely essential, and is the same in all of them ; the 
other, !ilso to some extent essential, but very variable in different 
plants, or in the same plant under different circumstances. The 
forn>er is the organic^ the latter the inorganic or earthy materials. 

451. The Earlhy or Inorganie Constitupnts. If we bum thoroughly a 

lea>f, a piece of wood, or any other part of a vegetable, almost all of 
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it is dissipated into air. But a little ashes remain : these represent , 
the earthy constituents of the plant. 

452. They consist of some potash (or soda if a marine plant was 
used), some siUx (the same as flint), and probably a little lime^ ai- 
umine, or magnesia, iron or manganese, sulphur or phosphorus, &c. 
Some or all of these elements may be detected in many or most 
plants. But they make no part of their real fabric ; and they form 
only from one or two to nine or ten parts out of a hundred of any 
vegetable substance. The ashes vary according to the nature 
of the soil. In fact, they consist, principally, of such materials as 
happened to be dissolved, in small quantity, in the water which was 
taken up by the roots ; and when that is consumed by the plant, or 
flies off pure (as it largely does, 447) by exhalation, the earthy mat- 
ter is left behind in the cells, — just as it is left incrusting the sides 
of a teakettle in which much hard water has been boiled. As is 
very natural, therefore, we find more earthy matter (i. e. more 
ashes) in the leaves than in any other part (sometimes as much as 
seven per cent, when the wood contains only two per cent) ; because 
it is through the leaves that most of the water escapes from the plant. 
These earthy constituents are often useful to the plant (the silex, for 
instance, increases the strength of the Wheat-stalk), or are useful in 
the plant's products as furnishing needful elements in the food of man 
and other animals ; and some must be held to be necessary to vege- 
tation, since this is never known to go on without them. 

453. The Organic ConstituentH. As has just been remarked, when 
we burn in the open air a piece of any plant, nearly its whole bulk, 
and from 88 to more than 99 parts out of a hundred by weight of its 
substance, disappear, being turned into air and vapor. These are 
the organic constituents which have thus been consumed, — the 
actual materials of the cells and the whole real fabric of the plant. 
And we may state that, in burning, it has been decomposed into ex- 
actly the same kinds of air, and the vapor of water, that the plant 
used in its making. The burning has merely undone the work of 
vegetation, and given back the materials to the air just in the state 
in which the plant took them. 

454. It will not be diflicult to understand what the organic con- 
stituents, that is, what the real materials, of the plant are, and how 
the plant obtains them. The substance of which vejretable tissue, 
viz. the wall of the cells, is made, is by chemists named Cellulose, It 
id just the lame thing in composition in wood and in sofl cellular tis- 
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sue, — in the tender pot-herb and in th j oldest tree. It is composed 
of carbon, hydrogen, and oxygen, 12 parts of the former to 10 of each 
of the two latter. These, accordingly, are necessary materials of 
vegetable growth, and must be received by the growing plant 

455. Tbe PlanVs Food must contain these three elements in some 
shape or other. Let us look for them in the materials which the 
plant is constantly taking from the soil and the air. 
• 456. Water is the substance of which it takes in vastly more than 
of anything else : we well know how necessary it is to vegetable life. 
The plant imbibes water by the roots, which are specially construct- 
ed for taking it in, as a liquid when the soil is wet, and probably 
also in the form of vapor when the soil is only damp. That water 
in the form of vapor is absorbed by the leaves likewise, when the 
plant needs it, is evident from the way partly wihed leaves revive 
and freshen when sprinkled or placed in a moist atmosphere. Now 
water is composed of hydrogen and oxygen, two of the three elements 
of cellulose or plant-fabric. Moreover, the hydrogen and the oxygen 
exist in water in exactly the same proportions that they do in cellu- 
lose : so it is clear that water furnishes these two elements. 

457. We inquire, therefore, after the third element, carbon. This 
is the same as pure charcoal. Charcoal is the carbon of a vegetable 
left behind after charring, that is, heating it out of contact of the air 
until the hydrogen and oxygen are driven off. The charcoal of wood 
is so abundant in bulk as to presei*ve perfectly the shape of the cells 
after charring, and in weight it amounts to about half that of the 
original material. Carbon itself is a solid, and not at all dissolved 
by water : as such, therefore, it cannot be absorbed into the plant, 
however minute the particles ; only liquid and air can pass through 
the walls of the cells (402, 410). It must therefore come to the 
plant in some combination, and in a fluid form. The only substance 
within the plant's reach containing carbon in the proper state is 

458. Carbonic Acid. This is a gas, and one of the components 
of the atmosphere, everyw^here making about ^^Vtj P^^ ^^ ^^ bulk, 
— enough for the food of plants, but not enough to be injurious to 
animals. For when mixed in any considerable proportion with the 
air we breathe, carbonic acid is very poisonous. The air produced 
by burning charcoal is carbonic acid, and we know how soon burning 
charcoal in a close room will destroy life. 

459. The air around us consists, besides this minute proportion 
of carbonic acid, of two other gases, mixed together, viz. oxygen 
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and nitrogen. The nitrogen gas does not support animal life '. it only, 
dilutes the oxygen, which does. It is the oxygen gas alone which 
renders the air fit for breathing. 

460. Carbonic acid consists of carbon combined with oxygen. In 
breathing, animals are constantly forming carbonic acid gas by unit- 
ing carbon from their bodies with oxygen of the air ; they inspire 
oxygen into their lungs ; they breath it out as carbonic acid. So 
with every breath animals are diminishing the oxygen of the air, — 
so necessary to animal life, — and are increasing its carbonic add, — 
so hurtful to animal life ; or rather, which would be so hurtful if it 
were allowed to accumulate in the air. The reason why it does not 
increase in the air beyond this minute proportion is that plants feed 
upon iL They draw their whole stock of carbon from the carbonic 
acid of the air. 

461. Plants take it in by their leaves. Every current, or breeze 
that stirs the foliage, brings to every leaf a succession of fresh atoms 
of carbonic acid, which it absorbs through its thousands of breathing- 
pores. We may prove this very easily, by putting a small plant or 
a fresh leafy bough into a glass globe, exposed to sunshine, and hav- 
ing two openings, causing air mixed with a known proportion of 
carbonic acid gas to enter by one opening, slowly traverse the foliage, 
and pass out by the other into a vessel proper to receive it : now, 
examining the air chemically, it will be found to have less carbonic 
acid than before. A portion has been taken up by the foliage. 

462. Plants also take it in by their roots, some probably as a gas, 
in the same way that leaves absorb it, and much, certainly, dissolved 
in the water which the rootlets imbibe. The air in the soil, es- 
pecially in a rich soil, contains many times as much carbonic acid 
as an equal bulk of the atmosphere above. Decomposing vegetable 
matter or manures, in the soil, are constantly evolving carbonic acid, 
and a large part of it remains there, in the pores and crevices, among 
which the absorbing rootlets spread and ramify. Besides, as this gas 
is dissolved by water in a moderate degree, every rain-drop that falls 
from the clouds to the ground brings with it a little carbonic acid, 
dissolving or washing it out of the air as it passes, and bringing it 
down to the roots of plants. And what floM's off into the streams 
and ponds serves for the food of water-plants. 

463. So water and carbonic acid, taken in by the leaves, or taken 
in by the roots and carried up to the leaves as crude sap, are the 
general food of plants, — are the raw materials out of which at least 
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the fabric and a part of the general products of the plant are made. 
Water and carbonic acid arc mineral matters : in the plant, mainly 
in the foliage, they are changed into organic matters. This is 

464. The Plant's proper Work, A&siinilation, viz. the conversion by the 

vegetable of foreign, dead, mineral matter into its own living sub- 
stance, or into organic matter capable of becoming living substance. 
To do this is, as we have said, the peculiar office of the plant How 
and where is it done ? 

465. It IS done in the green parts of plants alone, and only when 
these are acted upon by the light of the sun. The sun in some way 
supplies a power which enables the living plant to originate these 
peculiar chemical combinations, — to organize matter into forms 
which are alone capable of being endowed with life. The proof of 
this proposition is simple ; and it shows at the same time, in the 
simplest way, what the plant does with the water and carbonic acid 
it consumes. Namely, 1st, it is only in sunshine or bright daylight 
that the green parts of plants give out oxygen gas, — then they do ; 
and 2d, the giving out of this oxygen gas is just what is required to 
render the chemical composition of water and carbonic acid the same 
as that of cellulose (454), that is, of the plant's fabric. This shows 
why plants spread out so large a surface of foliage. 

466. In plants growing or placed under water we may see bubbles 
of air rising from the foliage ; we may collect enough of this air to 
test it by a candle's burning brighter in it ; which shows it to be 
oxygen gas. Now if the plant is making cellulose or plant-substance, 
— - that is, is making the very materials of its fabric and growth, as 
must generally be the case, — all this oxygen gas given off by the 
leaves comes from the decomposition of carbonic acid taken in by 
the plant 

467. This must he so, because cellulose is composed of 10 parts of| 
oxygen and 10 of hydrogen to 12 of carbon (454) : here the first 
two are just in the same proportions as in water, which consists of 
one part- of oxygen and one of hydrogen, — so that 10 parts of water 
and 12 of carbon represent one of cellulose or plant-fabric ; and to 
make it out of water and carbonic acid, the latter (which is composed 
of carbon and oxygen) has only to give up all its oxygen. In other 
words, the plant, in its foliage under sunshine, decomposes carbonic 
acid gas, and turns the carbon together with water into cellulose, at 
the same time giving the oxygen oif into the air. 

468. And we can readily prove that it is so, — namely, that plants 
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do decompose carbonic acid in their leaves and give out its oxygen, 
— by the experiment mentioned in paragraph 4G1. There the 
leaves, as we have stated, are taking in carbonic acid gas. We 
now add, that they are giving out oxygen gas at the same rate. 
The air as it comes from the glass globe is found to have just as 
much more oxygen as it has less carbonic acid than before — just 
as much more oxygen as would be required to turn the carbon re- 
tained m the plant back into carbonic acid again. 

469. It is all the same when plants — instead of making fabric at;, 
once, that is, growing — make the prepared material, and store it 
up for future use. The principal product of plants for this purpose 
is Starch, which consists of minute grains of organic matter, lying 
loose in the cells. Plants oflen accumulate this, perhaps in the root, 
as in the Turnip, Carrot, and Dahlia (Fig. 57 - 60) ; or in subter- 
ranean stems or branches, as in the Potato (Fig. 68), and many 
rootstocks; or in the bases of leaves, as in the Onion, Lily (Fig. 
73-75), and other bulbs ; or in fleshy leaves above ground, as those 
of the Ice-Plant, House-leek, and Century-Plant (Fig. 82) ; or in 
the whole thickened body, as in many Cactuses (Fig. 76) ; or in 
the seed around the embryo, as in Indian Corn (Fig. 38, 39) and 
other grain ; or even in the embryo itself, as in the Horsechestnut 
(Fig. 23, 24), Bean (Fig. 16), Pea (Fig. 19), &c. In all these 
forms this is a provision for future growth, either of the plant 
itself or of some offset from it, or of its offspring, as it springs 
from the seed. Now starch is to cellulose or vegetable fabric just 
what the prepared clay is to the potter's vessel, — the same thing, 
only requiring to be shaped and consolidated. It has exactly the 
same chemical composition, and is equally made of carbon and the 
elements of water, by decomposing the same amount of carbonic 
acid and giving back its oxygen to the air. In using it for growth, 
the plant dissolves it, conveys it to the growing parts, and consoli-* 
dates it into fabric. 

470. Sugar, another principal vegetable product, also has essen- 
tially the same chemical composition, and may be formed out of the 
same common food of plants, with the same result. The different 
kinds of sugar (that of the cane, &;c. and of grapes) consist of the 
same three materials as starch and cellulose, only M'ith a little more 
water. The plant generally forms the sugar out of starch, changing 
one into the other with great ease ; starch being the form in which 
prepared material is stored up, and sugar that in which it is ex- 



166 PLANT-LIFB. [lESSON 27: 

form of nitrate of ammonia) out of the nitrogen of the air and the 
vapor of water. Tiie reason why it never accumulates in the air 
fio as to be perceptible is, that it is extremely soluble in water, as 
are all its compounds. So it is washed out of the atmosphere by the 
rain as fast as it is made or rises into it, and is brought down to the 
roots of plants, which take it in freely. When assimilated in the 
leaves along with carbon and water, proteine is formed, the very 
substance of the flesh of animals. So all Hesh is vegetable matter 
in its origin. 

477. Even the earthy matter of the bones, and the iron and other 
mineral matters in the blood of animals, are derived from the plants 
they feed upon, with hardly an exception. These are furnished by 
the earthy or mineral constituents of plants (452), and are merely 
accumulated in the animal frame. 

478. Animals, therefore, depend absolutely upon vegetables for 
their being. The great object for which the All- wise Creator ^estab- 
lished the vegetable kingdom evidently is, that plants might stand on 
the surface of the earth between the mineral and the animal crea- 
tions, and organize portions of the former for the sustenance of 
the latter. 



LESSON XXVIL 



PLANT-LIFE. 



479. Life is known to us only by its effects. We cannot tell 
what it is ; but we notice some things which it does. One peculi- 
arity of living things, which has been illustrated in the last Lesson, 
is their power of transforming matter into new forms, and thereby 
making products never produced in any other way. Life is also 
manifested by 

480. Motion^ that is, by self-caused movements. Living things 
move ; those not living are moved. Animals, living as they do 
upon organized food, — which is not found everywhere, — must 
needs have the power of going after it, of collecting it, or at least of 
taking it in ; which requires them to make spontaneous movements. 
But plants, with their wide-spread surface (34, 131^ always in con- 
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tact with the earth and air on which they feed, — the latter and the 
most important of these everywhere just the same, — have no need 
of locomotion, and so are generaUy fixed fast to the spot" where 
they grow. 

481. Yet many plants move their parts freely, sometimes when 
there is no occasion for it that we can understand, and sometimes 
accomplishing by it some useful end. The sudden closing of the 
leaflets of the Sensitive Plant, and the dropping of its leafstalk, 
when jarred, also the sudden starting forwards of the stamens of the 
Barberry at the touch, are familiar examples. Such cases seem at 
lirst view so strange, and so different from what we expect of a plant, 
that these plants are generally imagined to be endowed with a pe- 
culiar faculty, denied to common vegetables. But a closer exam- 
ination will show that plants generally share in this faculty; that 
similar movements may be detected in them all, only — like those 
of the hands of a clock, or of the shadow of a sun-dial — they are 
too slow for the motion to be directly seen. 

482. It is perfectly evident, also, that growth requires motion ; 
that there is always an internal activity in living plants as well as 
in animals, — a power exerted which causes their fluids to move or 
circulate, and carries materials from one part to another. Some 
movements are mechanical ; but even these are generally directed 
or controlled by the plant. Others must be as truly self-caused as 
those of animals are. Let us glance at some of the principal sorts, 
and see what light they throw upon vegetable life. 

483. Cireulalion iu Cells. From wliat we knovy of the anatomy of 
plants, it is clear that they have no general circulation (like that of 
all animals except the lowest), through a system of vessels opening 
into each other (402, 410). But in plants each, living cell carries 
on a circulation of its own, at least when young and active. This 
may be beautifully seen in the transparent stems of Chara and many 
other water-plants, and in the leaves of the Fresh-water Tape-Grass 
(Vallisneria), under a good microscope. Here the sap circulates, 
of\en quite briskly in appearance, (but the motion is magnified as 
well as the objects,) in a steady stream, just beneath the wall, 
around each cell, passing up one side, across the end, down the 
other, and so round to complete the circuit, carrying with it small 
particles, or the larger green grains, which make the current more 
visible. This circulation may also be observed in hairs, particularly 
those on flowers, such as the jointed hairs of Spiderwort, looking 
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under the glass like strings of blue bead:?, each bead being a cell. 
But here a microscope magnifying six or eight hundred times in 
diameter is needed to see the current distinctly. 

484. The movement belongs to the protoplasm (476), or jelly-like 
matter under the cell- wall. As this substance has just the same 
composition as the flesh of animals, it is not so strange that it should 
exhibit such animal-like charactere. In the simplest water-plants, 
of the Sea-weed family, tlie body which answers to the seed is at 
first only a rounded little mass of protoplasm. When these bodies 
escape from the mother plant, they often swim about freely in the 
water in various directions, by a truly spontaneous motion, when they 
closely resemble animalcules, and are often mistaken for them. After 
enjoying this active life for several hours, they come to rest, form 
a covering of cellulose, and therefore become true vegetable cells, 
fix themselves to some support, germinate, and grow into the 
perfect plant. 

485. Absorption, Conveyance of the Sap, &e. Although contained in 

cells with closed walls, nevertheless the fluids taken in by the roots 
are carried up through the stem to the leaves even of the topmast 
bough of the tallest tree. And the sap, after its assimilation by the 
leaves, is carried down in the bark or the cambium-layer, and dis- 
tributed throughout the plant, or else is conveyed to the points where 
growth is taking place, or is accumulated in roots, stems, or wherever 
a deposit is being stored up for future use (71, 104, 128, 469). 

486. That the rise of the sap is pretty rapid in a leafy and growing 
plant, on a dry summer's day, is evident from the amount of water it 
is continually losing by exhalation from the foliage (447) ; — a losa 
which must all the while be supplied from the roots, or else the 
leaves would dry up and die ; as they do so promptly when sepa- 
rated from the stem, or when the stem is cut off from the roots. 
Of course they do not then lose moisture any faster than they 
did before the separation ; only the supply is no longer kept 
up from below. 

487. The rise of the sap into the leaves apparently is to a great 
degree the result of a mode of diffusion which has been called Mt- 
dosmose. It acts in this way. Whenever two fluids of different 
density are separated by a membrane, whether of dead or of living 
substance, or are separated by any porous partition, a flow takes 
place through the partition, mainly towards the heavier fluid, until 
that is brought to the same density as the other. A familiar illus- 
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tration is seen when we place powdered sugar upon strawberries, 
and slightly moisten them: the dissolving sugar makes a solution 
stronger than the juice in the cells of the fruit ; so this is gradually 
drawn out. Also when pulpy fruits are boiled in a strong sirup ; as 
soon as the sirup becomes denser than the juice in the fruit, the 
latter begins to flow out and the fruit begins to shrivel. But when 
shrivelled fruits are placed in weak sirup, or in water, they become 
plump, because the flow then sets inwards, the juice in the cells being 
denser than the water outside. Now the cells of the living plant 
contain organic matter, in the form of mucilage, protoplasm, some- 
times sugar, &c. ; and this particularly abounds in young and 
growing parts, such as the tips of roots (Fig. 56), which, as is well 
known, are the principal agents in absorbing moisture from the 
ground. The contents of their cells being therefore always much 
denser than the moisture outside (which is water containing a little 
cai*bonic acid, &c., and a very minute quantity of earthy matter), 
this moisture is constantly drawn into the root. What makes it 
ascend to the leaves ? 

488. To answer this question, we must look to the leaves, and 
consider what is going on there. For (however it may be in the 
spring before the leaves are out), in a leafy plant or tree the sap is 
not forced up from below, but is drawn up from above. Water large- 
ly evaporates from the leaves (447) ; it flies off* into the air as vapor, 
leaving behind all the earthy and the organic matters, — these not 
being volatile ; — the sap in the cells of the leaf therefore becomes 
denser, and so draws upon the more watery contents of the cells of 
the stalk, these upon those of the stem below, and so on, from cell to 
cell down to the root, causing a flow from the roots to the leaves, 
which begins in the latter, — just as a wind begins in the direction 
towards which it blows. Somewhat similarly, elaborated sap is 
drawn into buds or any growing parts, where it is consolidated 
into fabric, or is conveyed into tubers, roots, seeds, and the like, 
in which it is condensed into starch and stored up for future use 
(74, 103, &c.). 

489. So in absorbing moisture by the root^, and in conveying 
the sap or the juices from cell to cell and from one part to another, 
the plant appears to make use of a physical or inorganic force ; but 
it manages and directs this as the purposes of the vegetable ecour 
omy demand. Now, when the proper materials are brought to the 
growing parts, growth takes place > and in growth the plant moves 

15 
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the particles of matter, arranges them, and shapes the fabric in a 
manner which we cannot at all explain by any mechanical laws. 
The organs are not shaped by any external forces ; they shape 
themselves, and take such forms and positions as the nature of 
each part, or the kind of plant, requires. 

490. Special lOTfmenfS. Besides growing, and quite independent 
of it, plants not only assume particular positions, but move or bend 
one part upon another to do so. Almost every species does this, as 
well as what are called sensitive plants. In springing from the seed, 
the radicle or stem of the embryo, if not in the proper position 
already, bends itself round so as to direct its root-end downwards, 
and the stem-end or plumule upwards. It does the same when 
covered so deeply by the soil that no light can affect it, or when 
growing in a perfectly dark cellar. But after reaching the light, 
the stem bends towards that, as every one knows ; and bends 
towards the stronger light, when the two sides are unequally ex- 
posed to the sun. It is now known that the shoot is bent by the 
shortening of the cells on the more illuminated side ; for if we split 
the bending shoot in two, that side curves over still more, while the 
opposite side inclines to fly back. But how the light causes the 
cells to shorten on that side, we can no more explain, than we can 
tell how the will, acting through the nerves, causes the contraction 
of the fibres of the muscles by which a man bends his arm. We 
are sure that the bending of the shoot has nothing to do with 
growth, because it takes place after a shoot is grown ; and the del- 
icate stem of a young seedling will bend a thousand times faster 
than it grows. Also because it is yellow light that most favors 
growth and the formation of vegetable fabric, while the blue and 
violet rays produce the bending. Leaves also move, even more 
freely than stems. They constantly present their upper face to the 
light ; and when turned upside down, they twist on their stalks, or 
curve round to recover their original position. The free ends of 
twining stems, as of Hop, or Morning Glory, or Bean, which appar- 
ently hang over to one side from their weight, are in fact bent over, 
and, the direction of the bend constantly changing, the shoot is 
steadily sweeping round the circle, making a revolution every few 
hours, or even more rapidly in certain ca-es, until it reaches a 
neighboring support, when, by a continuation of the same move- 
ment, it twines around it. Most tendrils revolve in the same way, 
sometimes even more rapidly ; while others only turn from the 
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light; thb is especiallj the case with those that cling to walls of 
'trunks by sucker-like disks, as Virginia Creeper, p. 38, fig. 62. 
When an active tendril comes into contact with a stem or any such 
extraneous body, it incurves at the point of contact, and so lays hold 
of the support : the same contraction or tendency to curve affecting 
the whole length of the tendril, it soon shortens into a coil, part coil- 
ing one way, part the other, thus drawing the shoot up to the sup- 
porting body ; or, if the tendril be free, it winds up in a simple coil. 
This movement of tendrils is so prompt in the Star-Cucumber (Sic- 
yos) in Echinocystis, and in two sorts of Passion-flower, that the 
end, after a gentle rubbing, coils up by a movement rapid enough to 
be readily seen. In plants that climb by their leaf-stalk:^, such as 
Maurandia and Tropseulum, the movements are similar, but much 
too slow to be seen. 

491. The so-called sleep of plants is a change of position as night 
draws on, and in different ways, according to the species, — the 
Locust and Wood-Sorrel turning down their leaflets, the Uoney 
Locust raising them upright, the Sensitive Plant turning them for- 
wards one over another ; and the next morning they resume their 
diurnal position. One fact, among others, showing that the changes 
are not caused by the light, but by some power in the plant itself, is 
this. The leaves of the Sensitive Plant close long before sunset ; 
but they expand again before sunrise, under much less light than 
they had when they closed. In several plants the leaves take the 
nocturnal position when brushed or jarred, — in the common Sensi- 
tive Plant very suddenly, in other sorts less quickly, in the Honey 
Locust a little too slowly for us to see the motion. The way in 
which blossoms open and close, some when the light increases, some 
when it diminishes, illustrates the same thing. The stamens of the 
Barberry, when touched at the base on the inner side, — as by an 
insect seeking for honey, or by the point of a pin, — make a sudden 
jerk forward, and in the process commonly throw some pollen 
upon the stigma, which stands a little above their reach. 

492. In many of these cases we plainly perceive that a useful end 
is subserved. But what shall we say of the Venus's Fly-trap of 
North Carolina, growing where it might be sure of all the food a 
plant can need, yet provided with an apparatus for catching insects, 
and actually capturing them expertly by a sudden motion, in the 
manner already described (126, Fig. 81) ? Or of the leaflets of the 
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Desmodium gyrans of the East Indies, spontaneously falling and 
rising by turns in jerking motions nearly the whole day long ? We 
ean only say, that plants are alive, no less than animals, and that it 
is a characteristic of living things to move- 



%♦ Cryptogamous or Flowerless Plants. 

493. In all the foregoing Lessons, we have had what may be 
called plants of the higher classes alone in view. There are others, 
composing the lower grades of vegetation, to which some allusion 
ought to be made. 

494. Of this sort are Ferns or Brakes, Mosses, Liverworts, 
Lichens, Sea-weeds,- and Fungi or Mushrooms. They are all 
classed together under the name of Flowerless Plants^ or Crypto' 
gamous Plants; the former epithet referring to the fact that they do 
not bear real blossoms (with stamens and pistils) por seeds (with an 
embryo ready-formed within). Instead of seeds they have spores^ 
which are usually simple cells (392). The name Cryptogamous 
means, of hidden fructification, and intimates that they may have 
something answering to stamens and pistils, although not the same ; 
and this is now known to be the ca e with most of them. 

495. Flowerless plants are so very various, and so peculiar in 
each family, that a volume would be required to illustrate them. 
Curious and attractive as they are, they are too difficult to be studied 
botaiiically by the beginner, except the Ferns, Club-Mosses, and 
Horse-tails. For the study of these we refer the student at once to 
the Manual of the Botany of the Northern United States, and to the 
Field, Forest, and Garden Botany, The structure and physiology 
of these plants, as well as of the Mosses, Liverworts, Lichens, Sea- 
weeds, and Fungi, are explained in the Structural Botany, or Botanical 
Text-Book, and in other similar works. When the student has 
become prepared for the study, nothing can be more interesting than 
these plants of the lowest orders. 



LESSON 28.] SPECIES AND KINDS. 173 



LESSON XXVIII. 



SPECIES AND KINDS. 



496. Until now, we have been considering plants as to their 
structure and their mode of life. We have, ns it were, been read- 
ing the biography of an individual plant, following it from the tiny 
seedling up to the mature and fruit-bearing herb or tree, and learning 
how it grows and what it does. The botanist also considers plants 
as to their relationships, 

497. Plants and animals, as is well known, hare two great pecu- 
liarities : 1st, they form themselves ; and 2d, they multiply them- 
selves. They reproduce themselves in a continued succession of 

498. Individflals (3). Mineral things occur as masses, which are 
divisible into smaller and still smaller ones without alteration of 
their properties (391). But organic things (vegetables and ani- 
mals) exist as individual beings. Each owes its existence to a 
parent, and produces similar individuals in its turn. So each indi- 
vidual is a link of a chain ; and to this chain the natural-historian 
applies the name of 

499. Species. All the descendants from the same stock therefore 
compose one species. And it was from our observing that the sev- 
eral sorts of plants or animals steadily reproduce themselves, — or, in 
other words, keep up a succession of similar individuals, — that the 
idea of species originated. So we are led to conclude that the Cre- 
ator established a definite number of species at the beginning, which 
have continued by propagation, each after its kind. 

500. There are few species, however, in which man has actually 
observed the succession for many generations. It could seldom be 
proved that all the White Pine trees or White Oaks of any forest 
came from the same stock. But observation having familiarized 
us with the general fact, that individuals proceeding from the same 
stock are essentially alike, we infer from their close resemblance 
that these similar individuals belong to the same species. That is, 
we infer it when the individuals are as much like each other as those 
are which we know to have sprung from the same stock. 

501. We do not infer it from every resemblance ; for there is the 
resemblance of kind, — as between the White Oak and the Red Oak, 

15* 
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and between the latter and the Scarlet Oak : these, we take for 
gi'anted, liave not originated from one and the same stock, but from 
three separate stocks. Nor do we deny it on account of every 
difference ; for even the sheep of the same flock, and the plants 
i*aised from peas of the same pod, may show differences, and such 
differences occasionally get to be very striking. When they are 
pretty well marked, we call them 

Varieties. The White Oak, for example, presents two or three 
varieties in the shape of the leaves, although they may be all alike 
upon each particular tree. The question often arises, practically, 
and it is oflen hard to answer, whether the difference in a particular 
case is that of a variety, or is specific. If the former, we may 
commonly prove it to be so by finding such intermediate degrees 
of difference in various individuals as to show that no clear line of 
distinction can be drawn between them ; or else by observing the 
variety to vary back again, if not in the same individual, yet in its 
offspring. Our sorts of Apples, Pears, Potatoes, and the like, show 
us that differences which ai*e permanent in the individual, and con- 
tinue unchanged through a long series of generations when propa- 
gated by division (as by offsets, cuttings, grafts, bulbs, tubers, &c.), 
are not likely to be repi-oduced by seed. Still they sometimes are 
so : and such varieties are called 

Races. Tiiese are strongly marked varieties, capable of being 
propagated by seed. Our different sorts of Wheat, Indian Corn, 
Peas, Radishes, &c., are familiar examples : and the races of men 
offer an analogous instance. 

502. It should be noted, that all varieties have a tendency to be 
reproduced by seed, just as all the peculiarities of the parent tend to 
be reproduced in the offspring. And by selecting those plants which 
have developed or inherited any desirable peculiarity, keeping them 
from mingling with their less promising brethren, and selecting again 
the most promising plants raised from their seeds, we may in a few 
generations render almost any variety transmissible by seed, so long 
as we take good care of it. In fact, this is the way the cultivated or 
domesticated races, so useful to man, have been fixed and preserved. 
Races, in fact, can hardly, if at all, be said to exist independently of 
man. But man does not really produce them. Such peculiarities 
— often surprising enouo^h — now and then originate, we know noi 
how (the plant sports^ as the gardeners say) ; they are only pre- 
,«erved, propagated, and generally further developed, by the culti- 



LESSON 28.] CLASSIFICATION. 175 

vator's skilftil care. If left alone, they are likely to dwindle and 
perish, or else revert to the original form of the species. 

603. Botanists variously estimate the number of known species 
of plants at from seventy to one hundred thousand. About 3,850 
8{)ecies of the higher clas es grow wild in the United States east of 
the MissiSsiippi. So that the vegetable kingdom exhibits a very 
great diversity. Between our largest and highest-organized trees, 
such as a Magnolia or an Oak, and the simplest of plants, reduced 
to a single cell or sphere, much too minute to be visible to the 
naked eye, how wide the difference ! Yet the extremes are con- 
nected by intermediate grades of every sort, so as to leave no wide 
gap at any place ; and not only so, but every grade, from the most 
complex to the most simple, is exiiihited under a wide and most 
beautiful diversity of forms, all based upon the one plan of vegeta- 
tion which we have been studying, and so connected and so an- 
swering to each other throughout as to convince the thoughtful 
botanist that all are parts of one system, works of one hand, realiza- 
tions in nature of the conception of One Mind. We perceive this» 
also, by the way in which the species are grouped into 

504. Kinds* If the species, when arranged according to their re- 
semblances, were found to differ fmm one another about equally,— 
that is, if No. 1 differed from No. 2 just as much as No. 2 did from 
No. 3, and No. 4 from No. 5, and so on throughout, — then, with all 
the diversity in the vegetable kingdom there is now, there would yet 
be no foundation in nature for grouping species into kinds. Species 
and kinds would mean just the same thing. We should classify them, 
no doubt, for convenience, but our classification would be arbitrary. 
The fact is, however, that species resemble each other in very un* 
equal degrees. Some species are almost exactly alike in their whole 
gtructure, and differ only in the shape or proportion of their parts; 
these, we say, belong to one Genus, Some, again, show a more gen- 
eral resemblance, and arc found to have tlieir flowera and seeds con- 
structed on the same particular plan, but with important differences 
in the details; these belong to the same Order ov Family, Then, 
takin<y a wider survey, we perceive that they all group themselves 
under a few general types (or patterns), distinguishable at once by 
their flowers, by their seeds or embryos, by the character of the 
seedling plant, by the structure of tlieir stem?* and leaves, and by 
their general appearance : tlieso great groups we call Classes. 
Finally, we distinguish the whole into two great types or grades; 
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the higher grade of Flowering plants, exhibiting the *full plan of 
Tegetation, and the lower grade oF Flowerless plants, in which 
vegetation is so simplified that at length the only likeness between 
them and our common trees or Flowering plants is that they are 
both vegetables. From species, then, we rise first to 

505. Genfni (plural of Genus). The Rose kind or genus, the Oak 
genus, the Chestnut genus, &c., are familiar illustrations. Each 
genus is a group of nearly related species, exhibiting a particular 
plan. All the Oaks belong to one genus, the Chestnuts to another, 
the Beech to a third. The Apple, Pear, and Crab are species of one 
genus, the Quince represents another, the various species of Haw- 
thorn a third. In the animal kingdom the common cat, the wild cat, 
the panther, the tiger, the leopard, and the lion are species of the cat 
kind or genus ; while the dog, the jackal, the different species of wolf, 
and the foxes, compose another genus. Some genera are represented 
by a vast number of species, others by few, very many by only one 
known species. For the genus may be as perfectly represented in 
one species as in several, although, if this were the case throughout, 
genera and species would of course be identical (504). The B-jech 
t^enus and the Chestnut genus would be just as distinct from the Oak 
genus even if but one Beech and one Chestnut were known ; as in- 
deed was the case formerly. 

50 B. Orders or Families (the two names are used for the same thing 
in botany) are groups of genera that resemble each other ; that is, 
they are to genera what genera are to species. As familiar illustra- 
tions, the Oak, Chestnut, and Beech genera, along with the Hazel 
^enus and the Hornbeams, all belong to one oi*der, viz. the Oak Fam- 
ily ; the Birches and the Alders make another family ; the Poplars 
and Willows, another; the Walnuts (with the Butternut) and the 
^Hickories, another. The Apple genus, the Quince and the Haw- . 
.thorns, along with the Plums and Cherries and the Peach, the 
Raspberry, with the Blackberry, the Strawberry, the Rose, and many 
other genera, belong to a large order, the Rose Family. 

507. Tribes and Suborders. This leads us to remark, that even the 
genera of the same order may show very unequal degrees of resem- 
blance. Some may be very closely related to one another, and at the 
same time differ strikingly from the rest in certain important partic- 
ulars. In the Rose Family, for example, there is the Rose genus 
itself, with the Raspberry genus, the Strawberry, the Cinquefoil, 
^ &c. near it, but by no means so much like it as they are like each 
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Other : this group, therefore, answers to what is called a Tribe ; and 
the Rose itself stands for another tribe. But we further observe 
that the Apple genus, the Hawthorns, the Quince, and the June- 
berry, though of the same order, and nearly related among them- 
selves, differ yet more widely from the Hose and its nearest relations; 
and so, on the other hand, do the Plum and Cherry, the Peach and 
the Almond. So this great Rose Family, or Order, is composed of 
three groups, of a more marked character than tribes, - — groups 
which might naturally be taken for orders ; and we call them Sub- 
orders. But students will understand these matters best after a few 
lessons in studying plants in a work describing the kinds. 

508. Classes. These are great assemblages of orders, as already 
explained (515). The orders of Flowering Plants are numerous, 
no less than 134 being represented in the Botany of the Northern 
United States ; but they all group themselves under two great 
classes. One class^ comprises all that have seeds with a mono- 
cotyledonous embryo (32), endogenous stems (423), and generally 
parallel- veined leaves (139) ; the other, those with dicotyledonous 
embryo, exogenous stems, and netted-veined leaves ; and the whole 
aspect of the two is so different that they are known at a glance. 

509. Finally, these two classes together compose the upper Series 
or grade of Flowering or PhaenogamoiJis Plants^ which have their 
counterpart in the lower Series of Flowerless or OryptogamovLS PlantSj 
— composed of three classes, and about a dozen orders. 

510. The universal members of classification are Class, Ordeb, 
Genus, Species, always standing in this order. When there are 
more, they take their places as in the following schedule, which 
comprises all that are generally used in a natural ' cla8sificati<»i, 
proceeding from the highest to the lowest, viz. : — 

Series, ^ 

Class, 

Subclass, 

Order, or Family, 
Suborder, 
Tribe, 

Subtribe, 
Genus, 

Subgenus or Section, 
Species, 
Variety. 
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LESSON XXIX. 

BOTANICAL NAMES AND CHARACTERS. 

511. Plants are classified, — i. e. are marshalled under their re- 
spective classes, orders, tribes, genera, and species, — and they are 
characterized^ — that is, their principal characteristics or distinguish- 
ing marks are described or enumerated, in order that, 

First, their resemblances or differences, of various degrees, may 
be clearly exhibited, and all the species and kinds ranked next to 
those they are most related to ; — and ; 

Secondly, that students may readily ascertain the botanical names 
of the plants they meet with, and learn their peculiarities, properties, 
and place in the system. 

512. It is in the latter that the young student is chiefly interested* 
And by his studies in this regard he is gradually led up to a higher 
point of view, from which he may take an intelligent survey of the 
whole general system of plants. But the best way for the student 
to learn the classification of plants (or Botany as a system), is to use 
it, in finding out by it the name and the peculiarities of all the wild 
plants he meets with. 

513. Names. The botanical name of a plant, that by which a 
botanist designates it, is the name of its genus followed by that of 
the species. The name of the genus or kind is like the family name 
or surname of a person, as Smith, or Jones. That of the species 
answers to the baptismal name, as John, or James, Accordingly, 
the White Oak is called botanically Qiiercus alba ; the first word, or 
Quercus, being the name of the Oak genus ; the second, alba, that 
of this particular species. And the Red Oak is named Quercus 
rubra ; the Black-Jack Oak, Qitercus nigra ; and so on. The bo- 
tanical names are all in Latin (or are Latinized), this being the 
common language of science everywhere ; and according to the 
usage of that language, and of niost others, the name of the species 
comes after that of the genus, while in English it comes before it. 

514. Generic Names. A plant, then, is named by two words. The 
generic name, or that of the genus, is one word, and a substantive. 
Commonly it is the old classical name, when the genus was known 
to the Greeks and Romans ; as Quercus for the Oak, Fagus for the 
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Beech, CSn/Ius, the Hazel, and the like. But as more genera be- 
came known, botanists had new names to make or borrow. Many 
are named from some appearance or property of the flowers, leaves, 
or other parts of the plant. To take a few examples from the early 
pages of the Manual of the Botany of the Northern United Sicues, — 
in which the derivation of the generic names is explained. The 
genus Hepaiica, p. 6, comes from the shape of the leaf resembling 
that of the liver. Myosurus^ p. 10, means mouse-tail. Deephin- 
turn, p. 12, is from delphin, a dolphin, and alludes to the shape of 
the flower, which was thought to resemble the classical figures of the 
dolphin. Zanthorhizay p. 13, is from two Greek words meaning 
yellow-root, the common name of the plant. Cimicifuga^ p. 14, is 
formed of two Latin words, meaning, to drive away bugs, the same 
as its common name of Bugbane, the Siberian species being used to 
keep away such vermin. Sanguinaria,^, 2G, is named from the 
blood-like color of its juice. 

515. Other genera are dedicated to distinguished botanists or pro- 
moters of natural science, and bear their names : such are Magnolia, 
p. 15, which commemorates the early French botanist, Magnol, and 
Jeffersonia, p. 20, named after President Jefferson, who sent the first 
exploring expedition over the Rocky Mountains. Others bear the 
name of the discoverer of the plant in question ; as, Sarracenia, p. 
23, dedicated to Dr. Sarrazin of Quebec, who was one of the first 
to send our common Pitcher-plant to the botanists of Europe ; and 
Claytonia, p. 65, first made known by the early Virginian botanist 
Clayton. 

516. Specific Names. The name of the species is also a single 
word, appended to that of the genus. It is commonly an adjective, 
and therefore agrees with the generic name in case, gender, &c. 
Sometimes it relates to the country the species inhabits ; as, Clay- 
tonia Virgimca, first made known from Virginia ; Sanguinaria 
Canadensis, from Canada, &c. More commonly it denotes some 
obvious or characteristic trait of the species; as, for example, in 
Sarracenia, our northern species is named purpurea, from the pur- 
ple blossoms, while a more southern one is named Jtava, because 
its petals are yellow ; the species of Jeffersonia is called diphyllay 
meaning two-leaved, because its leaf is divided into two leaflets. 
Some species are named after the discoverer, or in compliment to a 
botanist who has made them known ; as. Magnolia Fraseri, named 
after the botanist Fraser, one of the first to find this species ; Ra- 



180 BOTANICAL NAMES AND CHARACTERS. [lESSON 29. 

worthia Michavxii^ p. G5, named for the early botanist Michaux ; 
and Polygala Nuttallil^ in compiiraent to Mr. Nuttall, who described 
it under another name. Such names of persons are of course writ- 
ten with a capital initial letter. Occasionally some old substantive 
name is used for the species ; as Magnolia Umbrella^ p. 49, and Ra- 
nunculus Flammula, p. 41. These are also written with a capital 
initial, and need not accord with the generic name in gender, &c. 

517. The name of a variety, when it is distinct enough to require 
any, is made on ihe Fame plan as that of the species, and is written 
after it; a-, Ranunculus Flammula, variety reptans^ p. 41 (i. e. the 
creeping variety), and R. abort iv us, variety micranthuSy p. 42, or 
the small-flowered variety of this species. 

518. Names of Groups. The names of tribes, orders, and the like, 
are in the plural number, and are commonly formed by prolonging 
the name of a jijenus of the group taken as a representative of it. 
For example, the order of which the Buttercup or Crowfoot genus, 
Ranunculus^ is the representative, takes from it the name o^ Ranttri' 
culacecB (Manual, p. 34) ; meaning Plantce Ranunculacece when 
written out in full, that is, Ranunculaceous Plants. This order 
comprises several tribes ; one of which, to which Ranunculus itself 
belongs, takes the name of RanunculecB ; another, to which the 
^enus Clematis^ or the Virgin's-Bower, belongs, takes accordingly 
the name of Clematidece ; and so on. So the term Rosacece (mean- 
ing Rosaceous plants) is the name of the order of which the Rose 
(Rosa) is the well-known representative ; and Rosea is the name of 
the particular tribe of it which comprises the Rose. 

519. A few orders are named on a somewhat different plan. The 
great order LeguminoscB^ for instance (Manual, p. 123), is not named 
after any genus in it ; but the fruit, which is a legume (356), gives 
the name o^ Leguminous Plants, So, likewise, the order Umhelliferce 
(Manual, p. 187) means Umbelliferous or Umbel-bearing Plants; 
and the vast order Compositce (Manual, p. 215) is so named because 
it consists of plants whose blossoms are crowded into heads of the 
sort which were called "compound flowers" by the old botanists 
(277). 

520. Charartfrs. The brief description, or enumeration in scien- 
tific terms, of the principal distinctive marks of a species, genus, 
order, or other group, as given in botanical works, is called its 
Character, Thus, in the Manual, already referred to, at the begin- 
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ning, the character of the first great series is given ; then that of 
the first class, of the first subclass, and of the first division under it. 
Then, after the name of the order, follows its character (the ordinal 
character) : under the name of each genus (as, 1. Clematis, p. 35) 
is added the generic character, or description of what essentially 
distinguishes it ; and finally, following the name of each species, is 
the specific character, a succinct enumeration of the points in which 
it mainly differs from other species of the same genus. See, for 
illustration. Clematis Vioma, p. 36, where the sentence immediately 
following the name is intended to characterize that species from all 
others like it. 

521. Under this genus, and generally where we have several spe- 
cies of a genus, the species are arranged under sections, and these 
often under subsections, for the student's convenience in analysis, — 
the character or de^^cription of a section applying to all the species 
under it, and therefore not having to be repeated under each species. 
Under Clematis, also, are two sections with names, or sub-genera, 
which indicates that they might almost be regarded as two distinct 
genera. But these details are best understood by practice, in the 
actual studying of plants to ascertain their name and place. And to 
this the student is now ready to proceed. 



LESSON XXX. 

HOTV TO STUDY PLANTS. 

522. Having explained, in the two preceding LeFSons, the gen- 
eral principles of Classification, and of Botanical Names, we may 
now show, by a few examples, how the student is to proceed in 
applying them, and how the name and the place in the system of an 
unknown plant are to be ascertained. 

523. We suppose the student to be provided with a hand magni- 
Jging-glass, and, if possible, with a sitnple microscope, i. e. with a 
magnif}ing-glass, of two or more different powers, mounted on a 
support, over a stage, holding a glass plate, on which small flowers 
or their parts may be laid, while they are dissected under the mi- 
croscope with the points of needles (mounted in handles), or divided 

16 
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bj a t-liarp knife. Such a microscope is not necessary^ «xeefii 
veiy small flowers ; but it is a great coovenience at all tioMS^ 
is in<l]jipen£able in Mudy'mg the more diffi.-u!t orders of pfamts. 

524. We suppose the student now to have a work in whick 
plants of the country or dUtrict are scientifically arranged 
de^^bed : if in the Southern Atlantic States, Dr. Chapaian*^ 
of the SctUhem Sttitei ; if north of Carolina and Tennessee, Graj's 
Manual of the Botany of the United States, fifth edition ; or, as cot- 
ering the whole ground as to common plants, and including also all 
the common cultivated plants, Gray's Field, Forest, and Gardat 
Botany, which is particularly arranged as the companion of the 
present work ; tliat containing brief botanical descriptions of the 
plants, and this the explanation of their general structure, and of 
the technical terms employed in describing them. To express 
clearly the distinctions which botanists observe, and which furnish 
the bei^t marks to know a plant by, requires a good many technical 
terms, or wordi used with a precise meaning. These, as they are 
met with, the student should look out in the Glossary at the end of 
this volume. The terms in common u.<e are not so numerous as 
they would at first appear to be. With practice they will soon be- 
come so familiar as to give veiy little trouble. And the application 
of botanical descriptive language to the plants themselves, indicating 
all their varieties of form and structure, is an excellent discipline 
for the mind, equal, if not in some respects superior, to that of learn- 
ing a classical language. 

52o. The following illustrations and explanations of the way to use 
the descriptive work are, first, for The Field, Forest, and Garden Bot- 
any, that being the one which will be generally used by beginners and 
classes. This and the Lessons, bound together in a single compact 
volume, will serve the whole purpose of all but advanced students, 
teachers, and working botanists. Thus equipped, we proceed to 

526. The Analysis of a Plant. A Buttercup will serve as well 
as any. Some species Oj other may be found in blossom throughout 
nearly the whole spring and summer; and, except at the very 
beginning of the season, the fruit, more or less developed, may be 
gathered with the blossom. To a full knowledge of a plant the 
fruit is essential, although the name may almost always be ascer- 
tained without it. Tliis common yellow flower being under exam- 
ination, wo are to refer the plant to its proper class and order or 
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iiirnily. Tiie families «re 80 numerous:, and so generally distinguish' 
able only by a combination of a considerable number of marks that 
the §tudent musi find Wn way to them by means of a contrivance 
called an Analytical Key. Tliis Key begins on ji. 12. 

527. It take.': note of the most comprcbt;nsivc po-eible division of 
plants, namely those " producing true flowers and seeds," and those 
"not producing flowei-s, propagated by spores." To the first of 
these, the great aeries of Ph^nogamous or Flowkkino Plants, 
ihe plant under examination obviously belongs. 

528. This series dividi-s into those " with wood in a cirt^le, or in 
conceiiim annual circles or layers around a centriil pith, netted-veined 
leaves, and parts of the flower mostly in fives or fours," — lo which 
might be added ihe dicotyledonous embryo, but that in the prp?ent 
case is beyond the young student's powers, even if ihe fruit were at 
hand; — and into thoje"wiih wood in separate threads scaliored 
ihi'ough the diameter of the stem, not in a circle," also tlie " leaves 
mostly parallel- veined, and pai-ts of the flower almost always in 
threes, never in fives." Althongh ihe hoUowuess of the stem of the 
present plant may obscure its internal structure, a practised hand, 
by throwing. the light through a thin cross section or the stem under 
the glass, would make it evident tliat its woody bundles were all in 
a circle near the circumference, yet this could hardly be expected 
of an unassisted and inexperienced beginner. But tlie two other 
and very obvious marks, the nelted-veined leaves, and the number 
five in both calyx and corolla, certily at once that the plant belongs 
to the first class, Exogrnous or Dicotylkdonous Plants. 

529. We should now look at the flower more particularly, bo 
as lo make out Us general 

plan of structure, which we 

flliall need to know all about 

ai we go on. We observe { 

that it has a calyx of 5 

sepals, though these are apt 

to fall soon after the blossom 

opens ; that the 5 petals are ssa 

borne on the recepiacle (or common axis of the flower) just above 

the sepals and alternate with them ; that there are next borne, a 

na. sea. AfloMerofuBuCteKuplIUnuDculiubuIlwduJcnUlirDnglitrom toptDbotCom. 
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little higher up on the receptacle, an indefinite number of stamens ; 
and, lastly, covering the summit or centre of the receptacle, an in- 
definite number of pistils. 
A good view of the whole 
is to be had by cutting the 
flower directly through t!ie 
middle, from top to bottom 
880 m (Fig* 358). If this be done 

with a sharp knife, some of the pistils will be neatly divided, or may 
be so by a second slicing. Each pistil, we see, is a closed ovary, 
containing a single ovule (Fig. 359) ascending from near the base 
of the cell, and is tipped with a very short broad style, which has 
the stigma running down the whole length of its inner edge. The 
ovary is little changed as it ripens into the sort of fruit termed an 
akene (Fig. 360) ; the ovule becoming the seed and fitting the cell 
(Fig. 361). Reverting to the key, on p. 13, we find that the ckss 
to which our plant belongs has two subclasses, one " with pistil of 
the ordinary sort, the ovules in a closed ovary''; the other ♦* without 
proper pistil, the ovules naked on a scale/* &c The latter is 
nearly restricted to the Pine Family. The examination already had 
makes it quite clear that our plant belongs to the first subclass, 
Angiospermods Exogenous or Dicotyledonous Plants. 

530. We have here no less than 110 orders under thi^ subclass. 
To aid the unpractised student in finding his way among them, they 
are ranked under three artificial divisions; the Polypetalous^ the 
Monopetalous, and the Apetalous, The plant in hand being fur- 
nished, in the words of the key, '* with both calyx and corolla, the 
latter of wholly separate petals," is to be sought under I. Polt- 
pETALOua Division; for the analysis of which, see p. 14. 

531. Fully half the families of the class rank under this division. 
The first step in the key is to the sections A and B ; to the first of 
which, having "stamens more than 10, and more than twice the 
number of the sepals or divisions of the calyx," our plant must pertain. 

532. Under this we proceed by a series of successive steps, their 
gradations marked by their po-^ition on the page, leading down to 
the name of the order or family, to which is appended the number 



FIG. 859. A pistil taken ftom a Buttercup (Ranunculus bulbosus), and more magnified } 
its oyary cut through lengthwise, showing the ovule. 890. One of its pistils when ripened 
into a fruit (.aeheniwn or akene), 861. The same, cut through, to show the seed in it. 
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of the page where that familj and the plants under it are described. 
The propositions of tlie same grade, two or more, from which de- 
termination is to be made, not only stand one directly under the 
other, but begin with the same word or phrase, or with some 
counterpart, — in the present case again with " Stamens," and with 
four propositions, with one and only one of which the flower in 
hand should agree. It agrees with the last of the four : " Stamens 
not monadelphous." 

533. The propositions under this, to which we are now directed, 
are six, beginning with the word " Pistils " or '* Pistil." The one 
which applies to the flower in hand is, clearly, the fourth : " Pistils 
numerous or more than one, separate, on the receptacle." 

534. The terms of the analysis directly subordinate to this are 
only two : we have to choose between " Stamens borne on the 
calyx," and ** Stamens borne on the receptacle." The latter is true 
of our flower. The terms subordinate to this are four, beginning 
with the word " Leaves." The fourth alone accords : ** Leaves pot 
peltate ; herbs," — and this line leads out to the Crowfoot 
Family, and refers to p. 33. 

535. Turning to that page, a perusal of the brief account of the 
marks of the Ranunculace^ (the technical Latin name) or Crow- 
foot Family, assures us that the Key has led us safely and readily 
to a correct result. Knowing the order or family, we have next to 
ascertain the genus. Here are twenty genera to choose from ; but 
their characters are analyzed under sections and successive sub- 
sections (§, * , -t^, -M-j &c.) so as to facilitate the way to the desired 
result Of the two primary sections, we must reject § 1, as it agrees 
only in respect to the pistils, and diflfers wholly in the characters 
furnished by the sepals, the petals, and the leaves. With " § 2. 
Sepals imbricated in the bud: not climbing nor woody ^'* it agrees. It 
also ajijrees with the sub-section immediately following, viz. : *' ♦ Pis- 
tils and akenes, several or many in a head, one-seeded,'* The sub- 
division following : " ^^ Petals none: sepals petal-like " is inapplicable ; 
but its counterpart, "•!-•«- Petals and sepals both conspicuous, five or 
more: akenes, naked, short-pointed,** suits, and restricts our choice to 
the three genera, Adonis, MyosUrus, and Ranunculu-^. The deter- 
mination is soon made, ufton noting the naked sepals, ithe petals with 
the little scale on the upper face of the short claw, and the akenes 
in a head: so the genus is, 7. Ranunculus. 

16* 



J 86 POW TO STUDY PLANTS. [lESSON 30, 

/ 536. The arrangement of the species of Ranunculus is to be 
found, under the proper number,-?, on p. 37 and the following. 
The first section contains aquatic species ; ours is terrestrial, and in 
all other particulars answers to § 2. The smooth ovarj and akene, 
and the perennial root refer it to the subsection following, marked 
by the single star. The shape of the leaves excludes it from the 
*• ••^ Spearwort Crowfoots," the large and showy petals from the 
** -i^ •*- Small-flowered Crowfoots ; while all the marks agree with 
•I- -I- •»- Buttercups or Common Crowfoots. There is still 
a subdivision, one set marked, " -m- Natives of the countryy low or 
spreading J^ the other "••-►.•-► latroduced weeds from Europe^ com» 
mon in fields^ S^c: stem erect: leaves much cuty* — which is the 
qase. We have then only to choose between the two field Crow- 
foots, and we have supposed the pupil to have in hand the lower, 
early-flowered one, common at the east, wliich has a solid bulb or corm 
at the base of the stem, and displays its golden flowers in spring or 
earliest summer, and which accordingly answers to the description 
of Ranunculus bulbosus, the Bulbous Buttercup. 

537. Later in the season it might have been i?. acrisy the Toll- 
Buttercup^ or much earlier \R. fascicahirls^ or R, repens. Having 
ascertained the genus from any one species, the student would not 
fail to recognize it again in any other, at a glance. 

538. If now, with the same plant in hand, the Manual (Fiflh 
<5dition) be the book used, the process pf analysis will be so similar, 
that a brief indication of the steps may sufiice. Here the corres- 
ponding Analytical Key, commencing on p. 21, leads similarly t<^ 
the first Series, Class, Subclass, and Division ; — to A, with nume^ 
rous stamens; 1, with calyx entirely free and separate from the 
pistil or pistils, thence to the fourth line beginning with the word 
Pistils; thence to the third of the three subordinate propositions, 
viz. to *' Stamens inserted on the receptacle " ; to the second of the 
succeeding couplet, or " Filaments longer than the anther"; to the 
second of the next couplet, *• Flowers perfect," &c., and to the first 
of the final couplet, " Leaves not peltate ; petals deciduous," — which 
ends in " Ranunculace^, 34" This is the technical name of the 
family, and the page where it is described. 

539. Turning to that page we read the general description of that 
order, particularly the portion at the beginning printed in italics^ 
which comprises the more important points. The " Synopsis of the 
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Gkinera" which follows is similar to, but more technics than that pf 
the other, more elementary book ; and the natnes of tiie tribes or 
natural groups of genera (507) are inserted. Tiie steps of analysis 
bring the student to the Tribe III. Ranuncule^, and under it to 
the genus Ranunculus. The number prefixed to the name enables 
the student to turn forward and find the genus, p. 40. The name, 
scientific and popular, is here followed by a full generic character 
(520). The primary sections here have names: the plant under 
examination belongs to "§ 2. Ranunculus proper"; and thence 
is to be traced, through the subdivisions *, •«- -h- -i- •«-, ^-+ 4-+, to 
the ultimate subdivision b,, under which, through a comparison of 
characters, the student reaches the species R. bulbosus, L. 

540. The L. at the end of the name is the recognized abbrevia- 
tion of the name of Linnaeus, the botanist who gave it. Then come 
the common or English names ; then the specific character ; after this, 
the station where the plant grows, and the region in which it occurs. 
This is followed by the time of blossoming (from May to July); 
and then by some general descriptive remarks. The expression 
" Nat. from Eu." means that the species is a naturalized emigrant 
from Europe, and is not original to this country. But all these 
details are duly explained in the Preface to the Manual^ which the 
student who uses that work will need to study. 



LESSON XXXL 

HOW TO STUDY PLANTS: FURTHER ILLUSTRATIONS. 

541. Beginnkrs should not be discoura^red by the slow progress 
they must needs make in the first trials. By perseverance the vari- 
ous difficulties will soon be overcome, and each successful analysis 
will facilitate the next. Not only will a second species of the same 
genus- be known at a glance, but commonly a second genus of the 
same order will be recognized as a relative at sight, by the family 
likeness. Or if the family likeness is not detected at the first view, 
it will be seen as the characters of the plant are studied out. 

542. To help on the student by a second example, we will take 
the common cultivated Flax. Turning to the Key, as before, on 
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p. 12, the stadent is led lo tuk, first, ia the plant Fhanogauods or 
Flowering ? Of coui'^e it is ; tlie blossom, witb its 

ietaiiKin:] and pistJlH, answers that question. Nest, to 
which of the two c]as^ieB of Flowering Plants does it 
belong? If we judge by the stem, we ask whether it 
is exogenous or endogenous (422-424). A section of 
the stem, considerably magnified, given on page 151, 
'" we may hei'e repeat (Fig. 362); it plainly i^hows a 

ring of wood between a central pith atid a bark. It is therefore 
exogenous. Moreover, ihe leaves are nelled-ceined, though the 
veins are not conspicuous. We might even judge from the embryo; 
for there ia litile diffi.iulty in directing a ilux-seed, and in finding 
that almost the whole interior is occupied by un embryo with two 
cotyledons, much like that of an npple-seed (Fig. XI, 12), and this 
class, as one of its name denotes, is dicotyledonous. If we view the 
parts of the blossom, we perceive they are five throughout ( Fig. 363, 
365), a numher which occurs in that class only. All ihnse markv, 
or as many of them as Ihe student ia able lo virify, show ihai the 
plant belongstoCla^sI. KxoaENOUSorDicoTTLi^DONOua PLANX.^i. 

543. To which subclass, is tlie next inquiry. The single bnt 
several-celled ovary in the centre of the flower, enclosing the ovule*, 
assures us ihat it belongs to ihe Anisiospkrmods subclass, p. 13. 

544. To get a good idtia of the geuci-ul plan of the flower, betors 



proceeding farther, cut it tliroiigh the middle lengthwise, aa in Fig. 
364, and also take a slice across 11 flower-bud, which will briii^ lo view 
an arrangement somewhat like thai of Fig. 365. Evidently the 
blossom is regularly constructed upon the number five. It has a 
calyx of five sepals, a corolla of five petsls, five siameni*, and five 
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Styles, with their ovaries all combined into one compound ovarj. 
We note, also, that the several parts of the blos- 
som are all free and unconnected, — the leaves 
of the ciilyx, the petals, and the stamens all ris- 
ing separately one after another from the recep- 
tacle underneath the ovary ; but the filaments, 
on close inspection, may show a slight union 
among themselves, at the base. 

545. So our plant, having 5 separate petals, is of the Polypeta- 
Lous division of the first class, for the analysis of which see page 14. 

546. But it does not belong to the primary division A, which has 
more than 10 stamens. The student passes on, therefore, to the 
counterpart division B, on page 16, to which the few stamens, here 
only five, refer it. 

547. Of the three subdivisions, with numerals prefixed, only the 
second answers ; for the calyx is free from the ovary, and there is 
only one ovary, although the styles are five. 

548. The divisions subordinate to this form a couplet ; and our 
plant agrees with the second member of it, having " Stamens of the 
same number as the petals " [5 J and ** alternate with them." The 
division under this is a triplet, of which we take the third member ; 
for the " Leaves are not punctate with pellucid dots." Under this, 
in turn, is a triplet beginning with the word Ovary, and the five, if 
not ten celLs determine our choice of the third member of it, 
'* Ovary compound." Under this we have no less than nine choices, 
dependent upon the structure of the ovary, the number of ovules 
and seeds, &c. But tht5 5-celled ovary with a pair of ovules in 
each cell, separated by a false partition projecting from the back 
(Fig. 365), t^o that the pod becomes in fact 10-celled, with a sol- 
itary seed in each cell, is described only in the ninth and last of 
the set, p. 18. Under this, again, we have to choose among five 
propositions relating to the seeds. Here the fifth — "Seeds and 
ovules only one or two in each cell" — alone meets the case. 
Under this, finally, we have to choose from six lines, beginning 
with the words Tree, Shrubs, or Herbs. The fifth alone agrees, 
and leads to the Flax Family, p. 77. 

549. There is only one genus of it in this country, namely, the 
Flax genus itself, or Linum. To determine the species, look first 

no. 865. Croas-section of an unezpanded flower of the same, a sort of diagram. 
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at the three sectioiu^, marked with stars. The second answers to 
pui plant ; and the annual root, pointed sepals, and blue petals deter- 
mine it to be the Common Flax, Lindm usitatissimum. 

550. By the Manual, the same plant would be similarly traced, 
along a somewhat different order of steps, down to the genus on 
p. 104, and to the species, which being a foreign cultivated one, ancl 
only by chance spontaneous, is merely mentioned at the close. 

551. After several analyses of this kind, the student will be able 
to pass rapidly over most of these steps ; should ordinarily recog- 
nize the class and the division at a glance. Suppose a common Mat- 
low to be the next subject. Having flowers and seeds, it is Phaeno- 
g^mous. The netted-veined leaves, the structure of the stem, and 
the leaves of the flower in five?*, refer it. to Class I. The pistils, of 
the ordinary sort, refer it to Subclass I. The five petals refer it to 
the Polypetalous division. Turning to the Key in the Field, Forest^ 
and Garden Botany, and to the analysis of that divi&ion, commencing 
on p. 14, the numerous stamens fix it upon A, under which th6 
very first line, " Stamens monadelphous, united with the base of 
the corolla; anthers kidney-shaped, one-celled," exactly expresses 
the structure of these organs in our plant, which is thus determined 
to be of the Mallow Family, — for which see page 70. 

552. After reatllng the iharacter of the family, and noting its 
agreement in all respects, wd fix upon § 1, in which the anthers are 
all borne at the top, and not down the side of the tube of filaments^ 
We pa?s the subdivision with a single star, and choose the alternative, 
with two stars, on account of the ring of ovaries, &e. ; fix upon the 
division •»-, on account of the stigmas running down one side of thd 
slender style, instead of forming a little head or blunt tip at their 
apex ; and then have to choose among five genera. The three 
separate bracts outside of the calyx, the obcordate petals, and the 
fruit determine the plant to be a Malva. Then, referring to p. 71 
for the species, the small whiti-h flowers [Toint to the first division, 
and a comparison of the characters of the two species under it| 
assures us that the plant in hand is Malva rotundipolia* 

553. For the sake of an example in the Monopetalous Division; 
we take a sort of Morning-Glory which is often met with climbing 
over shrubs along the moist banks of streams. Its netted-veined 
leavijs, the sepals and the stamens being five, — jUso the structure of 
the stem, if we choose to examine it, and the embryo with two leafy 
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cotyledons (as in Fig. 26), readily inspected if we have seeds, — 
show it belongs to Class I. Its pistil refers it of course to Subclass I. 
The corolla being a short funnel-shaped tube, theoretically regarded 
as formed of five petals united up to the very summit or border, ren- 
ders the flower a good illustration of the Monopf:talous Division, 
the analysis of which begins on p. 20, in the work we are using. 

554. The calyx free from the ovary excludes it from the section 
A, and refers it to section B. This is subdivided, in the first place, 
by the number of the stamens, and their position as respects the 
lobes of the corolla. Now, as the petals of the corolla in this flower 
are united up to the very border, the student may at first be puzzled 
to tell how many lobes it should have, or, in other words, how many 
petals enter into its composition. But the five leaves of the calyx 
would lead one to expect a corolla of five parts also. And, although 
there are here really no lobes or notches to be seen, yet the five 
plaits of the corolla answer to the notches, and show it to consist of 
five petals perfectly united. Since the stamens are of the same 
trumber as the plaits of the corolla, and are placed before them (as 
may be best seen by splitting down the corolla on one side and 
spreading it out flat), it follows that ihey alternate with the lobes or 
petals ; therefore our plant falls under the third subdivision : " Sta- 
mens as many as the lobes or parts of the corolla and alternate with 
them." This subdivides by the pistils. Our plant, having a pistil 
with two stigmas and two cells to the ovary, must be referred to the 
fifth and last category: " Pistil one, with a single compound ovary," 
&c. We are then directed to the stamens, which here are " plainly 
borne on the corolla " ; next to the leaves, which are on the stem 
(not all at the root), also alternate, without stipules; the stamens 
5, and the ovary 2-celled, — all of which accords with the seventh 
of the succeeding propositions, and with no other. The middle one 
alone under this agrees as to the ovary and seeds, and all is confirmed 
by the twining stem. It is the Convolvulus Family, p. 262. 

555. The proper Convolvulus Family has green foliage, as has 
our plant Its style is single and entire, as in § 1. Its calyx has a 
pair of large leafy bracts, as in the subdivision with two stars. So 
we reach the genus Calystegia, or Bracted Bindweed. 

556. Under this genus two species are described : the twining stem^ 
and the other particulars of our plant, direct us to the first C. sepium, 
which in England is named Hedge Bindweed, and here is ono 
of the various Convolvulaceous plants known as Mobning-Globt. 
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557. The foregoing illustrationa hare all b«eD of the first or Ex- 
ogenous class. We will take one from the other class, and investi- 
gate it bj tbe ifanttal. 

558. It shall be a rather common plant of our woods in spring, 
the Three-leaved Nightshade, or Birthroot. With specimens in 
hand, and the Mauuat open at the Analytical Key, p. 21, seeing 
that the plant is of the Phtenogamous series, we proceed to deter* 
mine ihe class. The nett«d-veiaed leaver would seem to refer tbe 
plant to the first class; while the blossom (Fig. 3G6, 367), con- 
structed on the number three, naturally dii^ts us to the second 

~~ class, in which this number a!iUk>st 

universally prevaiU. Here iLe stu- 
dent will be somewhat puzy^Ied. If 
tho seeds were ripe, they knight be 
examined, to see whether the embryo 
has one cotyledon only, or a pair. 
But the seeds are not to be had in 
spring, and if thty were, tbe embryo 
would not readily be made out. W« 
" must judge, therefore, by the struetui-e 

of the stem. Is it exogenous or endogenous ? If we cut the stem 
through, or lake off a tliin slice crosswise and lengthwise, we shall 
_ pei-ceive that ihu woody matter in it consists of 

a number of threads, interspersed throughout 
the soft cellular part without regularity, and not 
collected into a ring or layer. In fact, it is just 
I like the Corn-stalk (Fig. 351), except that the 
wooly ihreiids are fewer. It is llierefore em/ft- 
genuus (422) ; and ibis decides the question in 
favor wf Class 11. Monocotyledonous or En- 
j>OGEKOua Plants (jjage 30), notwithstanding the branching veins 
of the leaves. For ni^iiher this character, nor the number of parts iu 




LKSSOM 32.] HOW TO STLDY PLANTS 193 

the blossom, holds good universally, while the plan of the stem 
does. 

559. The single flower of our plant with distinct calyx and corolla 
takes us over the Spadiceous to the Petaloideous Division: 
the Petaloideous Division of Endogens there begins on p. 28. 
These parts being free from and beneath the ovary, refer us to the 
third subdivision, viz: "3. Perianth whoUy free from the ovai^y," 

559*. The pistil is next to be considered : it accords with the thii-d 
of the triplet : " Pistil one, compound (cells or placentae 8) ; anthers 
2-celled." Under this follows a triplet, of which the initial word is 
^'Perianth": our choice falls upon the first, as there is nothing 
" glumaceous " about this flower. 

560. The succiseding triplet relates to the stamens; here 6, so 
we take the first alternative. The next refers to mode and place of 
growth: our plant is •* Terrestrial, and not rush-like." The next 
again to the perianth : the second number of the triplet : " Perianth 
of 3 foliaceous and green sepals, and 3 colored withering-persistent 
petals " (as would be seen after flowering-time), brings us to a par- 
ticular group in the great Lily family, or Liliaoe^, p. 520. 

561. Reading over the family character, and collating the five 
tribes comprised, we perceive that our plant belongs to the group, 
quite peculiar among Liliaceous plants, here ranked as Tribe L 
Trillide^, the Trillium tribe. And the next step, leading to a 
choice between two genera, determines the genus to be Trillium. 

562. Turning to this, on p. 522, and reading the full description 
of it, we proceed to the easy task of a8('ertaining the species. The 
" flower is raised on a peduncle," as in § 2. Tliis peduncle is slender 
and nearly erect, and all the other particulars accord with the sub- 
division marked by a single star. And, finally, the ovate, acutish, 
widely-spreading, dark dull-purple petals mark the species as the 
Purple Birthroot, Trillium erectum, L. 

563. By the Fields Forest, and Garden Botany, the analysis is 
similar, only more simple. The details need not be particularly 
recapitulated. 

564. The student residing west of New England will also be 
likely to find another species, with similar foliage, but with larger, 
pure white, and obovate petals, turning rose-color when about to 
fade. This will at once be identified as T. grandiflorum. And 
towards the north, in cold and damp woods or swamps, a smaller 

17 
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species will be met with, having dull-green and petioled leaves 
rounded at the base, and rather narrow, wavj, white petals, marked 
with pink or purple stripes at the base : this the student will refer 
to T. erythrocarpum. But the species principally found in the east- 
em parts of the country lias a short peduncle recurved under the 
leaves, so as nearly to conceal the much less handsome, dull white 
llower: this, it will be seen, is T, cemuum, the Nodding TrilUum 
or Wake Robin, 

565. Whenever the student has fairly studied out one spedes of 
a genus, he will be likely to know the others when he sees them. 
And when plants of another genus of the same order are met with, 
the order may genenilly be recognized at a glance, from the family 
resemblance. For instance, having first betrome acquainted with the 
Convolvulus family in the genus Calystegia (555), we recognize it 
at once in the common Morning- Glory, and in the Cypress- Vine, 
and even in the Dodder, although these belong to as many different 
genera. Having examined the common Mallow (552), we immedi- 
ately recognize the Mallow family {Mcdvacea) in the Marsh-Mallow, 
sparingly naturalized along the coast, in the Glade Mallow, and the 
Indian Mallow, in the Hibiscus or Rose- Mallow, and so of the rest : 
for the relationship is manifest in their general appearance, and in 
the whole structure of the flowers, if not of the foliage alsa 

566. So the study of one plant leads naturally and easily to the 
knowledge of the whole order or family of plants it belongs to : — 
which is a great advantage, and a vast saving of labor. For, 
although we have about one hundred and thirty orders of Flowering 
Plants represented in our Botany of the Northern States by about 
2,540 species, yet half of these species belong to nine or ten of these 
orders; and more than four fifths of the species belong to forty of 
the orders. One or two hundred species, therefore, well examined, 
might give a good general idea of our whole botany. And students 
who will patiently and thoroughly study out twenty or thirty well- 
chosen examples will afterwards experience little difficulty in determin- 
ing any of our Flowering Plants and Ferns, and will find the pleasure 
of the pursuit largely to increase with their increasing knowledge. 

567. And the interest will be greatly enhanced as the student, 
rising to higher and wider views, begins to discern the System oi 
!potany, or, in other words, comprehends more and more of the Plan 
of the OrecUor in the Vegetable Kingdom. 
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568. Nataral System. The System of Botany consists of the orders 
or families, duly arranged under their classes, and having the tribes, 
Uie genera, and the species arranged in them according to their re- 
lationships. This, when properly carried out, is the NcUural System ; 
because it is intended to express, as well as we are able, the various 
degrees of relationship among plants, as presented in nature ; — to 
rank those species, those genera, &c. next to each other in the classi" 
fication which are really most alike in all respects, or, in other words, 
which are constructed most nearly on the same particular plan. 

569. Now this word plan of course supposes a planner, — an in- 
telligent mind working according to a system : it is this system, 
therefore, which the botanist is endeavoring as far as he can to 
exhibit in a classification. In it we humbly attempt to learn some- 
thing of the plan of the Creator in this department of Nature. 

570. So there can be only one natural system of Botany, if by the 
term we mean the plan according to which the vegetable creation 
was called into being, with all its grades and diversities among the 
species, as well of past as of the present time. But there may be 
many natural systems, if we mean the attempts of men to interpret 
and express the plan of the vegetable creation, — systems which will 
vary with our advancing knowledge, and with the judgment and 
skill of different botanists, — and which must all be very imperfect. 
They will all bear the impress of individual minds, and be shaped 
by the current philosophy of the age. But the endeavor always is 
to make th»i classification a reflection of Nature, as far as any system 
can be which has to be expressed in a series of definite propositions, 
and have its divisions and subdivisions following each other in some 
single fixed order.* 



* The best classification must fail to give more than an imperfect and con- 
siderably distorted reflection, not merely of the plan of creation, but even of our 
knowledge of it It is often obliged to make arbitrar}' divisions where Nature 
shows only transitions, and to consider genera, &c. as equal units, or groups of 
equally related species, while iu fact they may be very unequal, — to assome, on 
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571. The Natural System, as we receive it, and as to that portion 
of it which is represented in the botany of our country, is laid before 
the student in the Manual of the Botany of the Northern United States. 
The orders, however, still require to be grouped, according to their 
natural relationships, into a considerable number of great groups 
(or aUtances) ; but this cannot yet be done throughout in any easy 
way. So we have merely arranged them somewhat after a custom- 
ary order, and have given, in the Artificial Key, a contrivance for 
enabling the student easily to find the natural order of any plant. 
This is a sort of 

572. ArttriCial Classifieation. The object of an artificial classifica- 
tion is merely to furnish a convenient method of finding out the name 
and place of a plant. It makes no attempt at arranging plants ac- 
cording to their relationships, but serves as a kind of dictionary. It 
distributes plants according to some one peculiarity or set of pecu- 
liarities (just as a dictionary distributes words according to their 
first letters), disregarding all other considerations. 

573. At present we need an artificial classification in Botany 
only as a Key to the Natural Orders, — as an aid in refeiiing an 
unknown plant to its proper family ; and for this it is very needful to 
the student Formerly, when the orders themselves were not clearly 
made out, an artificial classification was required to lead the student 
down to the genus. Two such classifications were long in vogue. 
First, that of Tournefort, founded mainly on the leaves of the flower, 
the calyx and corolla : this was the prevalent system throughout the 
first half of the eighteenth century ; but it has long since gone by. 
It was succeeded by the well-known artificial system of Linnaeus, 
which has been used until lately ; and which it is still worth while 
to give some account of. 

574. The Artifieial System of linnffiOS was founded on the stamens 
and pistils. It consists of twenty-four classes, and of a variable 
number of orders, which were to take the place temporarily of the 
natural classes and orders ; the genera being the same under all 
classifications. 



paper at least, a strictly definite limitation of genera, of tribes, and of orders, 
although observation shows so much blending here and there of natural groups^ 
tnificiently distinct on the whole, as to warrant us in assuming the likelihood 
that the Creator's plan is one of gradation, not of definite iimitation,erea perhapt 
*a t}ie qiecief theauelvw. 



LfiSSOU 33.] ARTIFICIAL STSTBX OF LIKNJEU9. 



197 



575. The twenty-four classes of Linnaeus were founded upon 
something about the stamens. The following is an analysis of 
them. The first great division is into two great series, the Ph^B" 
nogamous and the Oryptogamous^ the same as in the Natural Sjstenu 
The first of these is divided into those fiowers which have the sta- 
mens in the same fiower with the pistils, and those which have not ; 
and these agiun are subdivided, as is shown in the following tabular 
view. 

Series I. PHJENOGAMIA ; plants with stamens and plstiU, i. e. with nal 
flowers. 

1. Stamens in the same flower as the pistils : 
* Not united with them, 
•^ Nor with one another. 

•*■¥ Of equal length if either 6 or 4 in number. 

One to each flower, Class 1. MoNAimRiA. 



Two " 


2. 


DiAKDRIA. 


Three " " 


8. 


Triandria. 


Four " " 


4. 


Tetrandria. 


Five " " 


5. 


Pemtandria. 


Six " 


6. 


Hexandria. 


Seven " " 


7. 


Heptandria. 


Eight " " 


8. 


OCTANDRIA. 


Nine " " 


9. 


Ennbandria. 


Ten •* 


10. 


Decandria. 


Eleven to nineteen to each flower. 


11. 


DODECANDRIA. 


Twenty or more inserted on the calyx, 


12. 


ICOSANDRIA. 


" " " on the receptacle. 


13. 


POLTANDRIA. 


+♦ 4-t. Of unequal length and either 4 or 6. 






Four, 2 long and 2 shorter, 


14. 


DiDTKAMIA. 


Six, 4 long and 2 shorter. 


15. 


Tbtradthaxia 


•«-> 4- United with each other, 






By their filaments. 






Into one set or tube. 


16. 


MONADELPHIA. 


Into two sets, 


17. 


DlADELFHTA. 


Into three or more seta. 


18. 


FOLTADELPRIA 


By their anthers into a ring. 


19. 


Stngbvbsia. 


* # United with the pistil, 


20. 


Gynandria. 


2. Stamens and pistils in separate flowers. 






Of the same individuals, 


21. 


MONCECIA. 


Of different individuals, 


22. 


Dkecia. 


Some flowers perfect, others staminate or 




• 


pistillate either in the same or in different 






individuals. 


23. 


POLTOAMIA. 



Series II. CRYPTOGAMIA. No stamens and 
pistils^ therefore no proper flowers, 

17* 
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576. The names of these classes are all coropoanded of Greek 
words. The first eleven consist of the Greek numerals, in succes- 
sion, from 1 to 11, combined with andrioj which here denotes sta- 
mens ; — e. g. Monandria^ with one stamen ; and so on. The 11th 
has the numeral for twelve stamens, although it includes all which 
have from eleven to nineteen stamens, numbers which rarely occun 
The 12th means ^ with twenty stamens," but takes in any higher 
number, although only when the stamens are borne on the calyx. 
The 13th means ^ with many stamens," but it takes only those 
with the stamens borne on the receptacle. The 14th means ^two 
stamens powerful," the shorter pair being supposed to be weaker ; 
the 15th, *'four powerful," for the same reason. The names of the 
next three classes are compounded of adelphicL, brotherhood, and 
the Greek words for one^ two, and many {Monadelphta, Diadelphioy 
and Polyadelphia), The 19th means *^ united in one household." 
The 20th is compounded of the words for stamens and pistils united. 
The 21st and 22d are composed of the word meaning house and the 
numerals one, or single, and two : Moncecia, in one house, Dicecia, 
in two houses. The 2dd is fancifully formed of the words meaning 
plurality and marriage, from which the English word polygamy is 
derived. The 24th is from two words meaning concealed nuptials, 
and is opposed to all the rest, which are called Phcenogamous, be- 
cause their stamens and pistils, or parts of fructification, are evident. 

577. Having established the classes of his system on the stamens, 
Linnaeus proceeded to divide them into orders by marks taken from 
the pistils, for those of the first thirteen classes. These orders de- 
pend on the number of the pistils, or rather on the number of styles, 
or of stigmas when there are no styles, and they are named, like the 
classes, by Greek numerals, prefixed to gynia, which means pisHL 
Thus, flowers of these thirteen classes with 

One style or sessile stigma belong to 
Two styles or sessile stigmas, to 
Three 
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Four 
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Six 

Seven 

Eight 

Nine 

Ten 

Eleven or twelve 

More than twelve 
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Older 1. 


MONOOTNIA. 


2. 


DiGTNIA. 


.3. 


Trioynia. 


4. 


Tetractnia. 


5. 


Pentaoynia. 


6. 


Hexaoynia. 


7. 


Hbptaoynia. 


8. 


OCTOGYNIA. 


9. 


Enneaoynia. 


10. 


Dbcaoynia. 


11. 


DODECAOYNIA. 


IS. 


POLYOTKIA. 



LESSON 34."] HOW TO COLLECT SPECIMENS. 199 

578. The orders of the remaining classes are founded on various 
considerations, some on the nature of the fruit, others on the number 
and position of the stamens. But there is no need to enumerate 
them here, nor farther to illustrate the Linnaean Artificial Classifi- 
cation. For as a system it has gone entirely out of use ; and as a 
Key to the Natural Orders it is" not so convenient, nor by any means 
so certain, as a proper Artificial Key, prepared for the purpose, such 
as we have been using in the preceding Lessons. 



LESSON XXXIV. 

HOW TO COLLECT SPECIMENS AND MAKE AN HERBARIUM. 

579. For Collefling Speeimens the needful things are a large kntfef 
strong enough to be used for digging up bulbs, small rootstocks, 
and the like, as well as for cutting woody branches ; and a botanical 
box, or a portfolio, for holding specimens which are to be carried to 
any distance. 

580. It is well to have both. The botanical box is most useful 
for holding specimens which are to be examined fresh. It is made 
of tin, in shape like a candle-box, only flatter, or the smaller sizes 
like an English sandwich-case ; the lid opening for nearly the 
whole length of one side of the box. Any portable tin box of con- 
venient size, and capable of holding specimens a foot or fifteen inches 
long, will answer the purpose. The box should shut close, so that 
the specimens may not wilt : then it will keep leafy branches and 
most flowers perfectly fresh for a day or two, especially if slightly 
moistened. 

581. The portfolio should be a pretty strong one, from a foot to 
twenty inches long, and from nine to eleven inches wide, and fasten- 
ing with tape, or (which is better) by a leathern strap and buckle at 
the side. It should contain a quantity of sheets of thin and smooth, 
unsized paper; the poorest printing-paper and grocers' tea-paper 
are very good for the purpose. The specimens as soon as gathered 
are to be separately laid in a folded sheet, and kept under moderate 
pressure in the closed portfolio. 
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582. Botanical specimens should be either in flower or in fruit. 
In the case of herbs, the same specimen will often exhibit the two ; 
and both should by all means be secured whenever it is possible. 
Of small herbs, especially annuals, the whole plant, root and all, 
should be taken for a specimen. Of larger ones branches will suf- 
fice, with some of the leaves from near the root. £nough of the 
root or subterranean part of the plant should be collected to show 
whether the plant is an annual, biennial, or perennial. Thick roots, 
bulbs, tubers, or branches of specimens intended to be preserved, 
should be thinned with a knife, or cut into slices lengthwise. 

583. For drying SpfCinifDI a good supply of sofl and unsized paper 
— the more bibulous the better — is wanted ; and some convenient 
means of applying pressure. All that is requisite to make good dried 
botanical specimens is, to dry them as rapidly as possible between 
many thicknesses of paper to absorb their moisture, under as much 
pressure as can be given without crushing the more delicate parts. 
This pressure may be given by a botanical press, of which various 
forms have been contrived ; or by weights placed upon a board, — 
from forty to eightjror a hundred pounds, according to the quantity 
of specimens drying at the time. For use while travelling, a good 
portable press may be made of thick binders' boards for the sides, 
holding the drying paper, and the pressure may be applied by a 
cord, or, much better, by strong straps with buckles. 

584. For drying paper, the sofler and smoother sorts of cheap 
wrapping-paper answer very well. This paper may be made up 
into driersj each of a dozen sheets or less, according to the thickness, 
lightly stitched together. Specimens to be dried should be put into 
the press as soon as possible after gathering. If collected in a port- 
folio, the more delicate plants should not be disturbed, but the sheets 
that hold them should one by one be transferred from the portfolio 
to the press. Specimens brought home in the botanical box must 
be laid in a folded sheet of the same thin, smooth, and sofl paper 
used in the portfolio ; and these sheets are to hold the plants until 
they are dry. They are to be at once laid in between the driers, 
and the whole put under pressure. Every day (or at first even 
twice a day would be w^ell) the specimens, left undisturbed in their 
sheets, are to be shifted into well-dried fresh driers, and the pressure 
renewed, while the moist sheets are spread out to dry, that they may 
take their turn again at the next shifting. This course must be 
continued until the specimens are no longer moist to the touch, <; — 
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which for most plants requires about a week ; then they may b6 
transferred to the sheets of paper in which they are to be preserved. 
If a great abundance of drying-paper is used, it is not necessary 
to change the sheets every day, after the first day or two. 

585. Herbarium. The botanist's collection of dried specimens, 
ticketed with their names, place, and time of collection, and sys- 
tematically arranged under their genera, orders, &c., forms a Hor^ 
tu8 Siccus or Herbarium. It comprises not only tbe specimens 
which the proprietor has himself collected, but those which Le ac- 
quires through friendly exchanges with distant botanists, or in other 
ways. The specimens of an herbarium may be kept in folded sheets 
of neat, and rather thick, white paper ; or they may be fastened on 
half-sheets of such paper, either by slips of gummed paper, or by 
glue applied to the specimens themselves. Each sheet should be 
appropriated to one species ; two or more different plants should 
never be attached to the same sheet. The generic and specific 
name of the plant should be added to the lower right-hand comer, 
either written on the sheet, or on a ticket pasted down at that comer; 
and the time of collection, the locality, the cdlbr of the flowers, and 
any other information which the specimens themselves do not afibrd, 
should be duly recorded upon the sheet or the ticket. The sheets 
of the herbarium should all be of exactly the same dimensions. The 
herbarium of Linnseus is on paper of the common foolscap size, about 
eleven inches long and seven wide. But this is too small for an 
herbarium of any magnitude. Sixteen and a half inches by ten 
and a half, or eleven and a half inches, is an approved size. 

586. The sheets containing the species of each genus are to be 
placed in genus-covers^ made of a full sheet of thick, colored paper 
(such as the strongest Manilla-hemp paper), which fold to the same 
dimensions as the species-sheet ; and the name of the genus is to be 
written on one of the lower comers. These are to be arranged 
under the orders to which they belong, and the whole kept in closed 
cases or cabinets, either laid flat in compartments, like large '^ pigeon- 
holes/' or else placed in thick portfolios, arranged like folio volumes, 
and having the names of the oixlers lettered on the back. 
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GLOSSARY 



OB 



DICTIONARY OF TERMS USED IN DESCRIB- 

ING PLANTS, 

COMBINED WITH AN INDEX. 



A, at the beginning of words of Greek derivation, commonly signifies a negatlTO^ 

or the absence of something ; as apetalous, without petals ; aphyllous, lea& 

less, &c. If the word begins with a vowel, the prefix is an ; as onanther- 

ous, destitute of anther. 
Abnormal: contrary to the usual or the natural structure. 
Aboriginal: original in the strictest sense; same as indigenous. 
Abortive : imperfectly formed, or rudimentary, as one of the stamens in fig. 195 

and three of them in fig. 196, p. 95. 
Abortion : the imperfect formation, or non-formation, of some part. 
Abrupt: suddenly terminating; as, for instance, 

Abruptly pinnate: pinnate without an odd leaflet at the end; fig. 128, p. 6B. 
Acaulescent (acaulis) : apparently stemless ; the proper stem, bearing the leaves 

and flowers, being very short or subterranean, as in Bloodroot, and most 

Violets; p. 36. 
Accessory: something additional; as Accesffory buds, p. 26. 
Accrescent : growing larger after flowering, as the calyx of Physalis. 
Aocumbent : lying against a thing. The cotyledons are accumbent when they 

lie with their edges against the radicle. 
Acerose: needle-shaped, as the leaves of Pines; fig. 140, p. 72. 
Acetdbuliform : saucer-shaped. 

Acfienium (plural achenia): a one-seeded, seed-like fruit; fig. 286, p. 129 
Achlamydeous (flower) : without floral envelopes ; as Lizard's-tail, p. 90. Rg. 18U. 
Acicidar: needle-shaped ; more slender than acerose. 
Acindciform: scymitar-shaped, like some bean-pods. 
Acines: the separate grains of a fruit, such as the raspberry: ^g. 289. 
Acorn: the nut of the Oak ; fig. 299, p. 130. 
AcotyUdonous .' destitute of cotyledons or seed-leaves. 
Acrdgenous: growing from the apex, as the stems of Ferns and Mosses. 
Acrogens, or Acrogenous Plants: the higher Cryptogamous plants, such m 

Ferns, &c., p. 1 72. 
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Actfleate : armed with prickles, I. c. aculei ; as the Hoso and Brier. 

jLaileolate : armed with small prickles, or slightly pricklj. 

Acuminate: taper-pointed, as the leaf in fig. 97 and fig. 103. 

Acute: merely sharp-pointed, or ending in a point less than a right angle. 

Adelphoua (stamens) : joined in a fraternity (addphia) : see monadeiphous and 

diadefphous. 
Adherent: sticking to, or, more commonly, growing fast to another body ; p. 104. 
Adnate: growing fast to ; it means bom adherent. The anther is adnate when 

fixed by its whole length to the filament or its prolongation, as in Talip* 

tree, fig. 233. 
Adpressed, or oppressed: brought into contact, but not united. 
Adscendent, ascendent ^ or ascending: rising gradually upwards. 
Adsurpentf or assw-geni : same as ascending. 

Adventitious: out of the proper or usual place ; e. g. Adventitious buds, p. 26, 27. 
Adventive : applied to foreign plants accidentally or sparingly spontaneous in a 

country, but hardly to be called naturalized. 
jEquilateral : equal-sided ; opposed to oblique. 
yEstivution: the arrangement of parts in a flower-bud, p. 108. 
Air-cells or Air-passages : spaces in the tissue of leaves and some stems, p. 143. 
Air-Plants f p. 34. 
Ak^niumy or alcene. See achenium. 
Ala (plural alee) : a wing; the sidivpetals of a papilionaceous corolla, p. 105, 

fig. 218, w. 
Ahhdstrum : a flower-bud. 
AUir: situated in the forks of a stem. 
AkUe : winged, as the seeds of Trumpet-Creeper (fig. 316) the froit of the Maple, 

Elm (fig. 301), &c. 
Albescent: whitish, or turning white. 
Absorption, p. 168. 
Albumen of the seed : nourishing matter stored up with the embryo, but not 

within it; p. 1.5, 136. 
Albdmen, a vegetable product ; a form of proteine, p. 1 65. 
Albuminous (seeds) : furnished with albumen, as the seeds of Indian com (fig. 38, 

39), of Buckwheat (fig 326), &c. 
Alburnum: young wood, sap-wood, p 153 
Alpine: belonging to high mountains above the limit of forests. 
Alternate (leaves): one after another, p. 24, 71. Petals are altei'nate with the 

sepals, or stamens with the petals, when they stand over the intervals be- 
tween them, p. 93. 
Alveolate : honeycomb-like, as the receptacle of the Cotton-Thistle. 
Ament: a catkin, p. 81. Amentaceous : catkin-like, or catkin-bearing: 
Amarphom : shapeless ; without any definite form. 
Amphigdsfrium (plural amphigastria) : a peculiar stipule-like leaf of certair 

Liverworts 
AmpMtrnpnus or AmnhitropaJ. ovules or seeds, p. 123, fig. 272. 
Ampl€r.tnnt : embrneinsr. AmplpTiraiU (leaves) : clasping the stem by the base. 
Ampullffreous : sw^llinn- out like a bottle or bladder. 
Amyldceous : composed of starch, or starch-like. 
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Andniierous : without anthers. Andnthous : destitute of flowers ; flowerless. 

Andstomosing : foi*ming a net-work {anastomosis) j as the veins of leaves. 

Andtropous or Andtropal ovules or seeds ; p. 123, fig. 273. 

Ancipital (anceps) : two-edged, as the stem of Blne-ejed Grass. 

Andraecium : a name for the stamens taken together. 

Andrdgynous : having both staminate and pistillate flowers in the same clostef 

or inflorescence, as many species of Carex. 
Androphore: a column of united stamens, as in a Mallow ; or t!ie support on 

which stamens are raised. 
Anfrdctuose : bent hither and thither, as the anthers of the Squash, &c. 
Angiosp€rmce^ Angiosp^ntwus Plants : with their seeds formed in an ovarj or peri- 
carp, p. 183. 
Angular divergence of leaves, p. 72. 
Annual (plant) : flowering and fruiting the year it is raised from the seed, and 

then dying, p 21. 
Annular: in the form of a ring, or forming a circle. 
Annulate : marked by rings ; or furnished with an 
AnnuluSf or ring, like that of the spore-case of most Ferns (Manual Bot. K. 

States, plate 9, flg. 2) r in Mosses it is a ring of cells placed between the 

mouth of the spore-case and the lid, in many species, 
Anterior, In the blossom, is the part next the bract, i. e. external : — while the 

posterior side is that next the axis of inflorescence. Thus, in the Pea, &c. 

the keel is anterior, and the standard jHmterior. 
Anther: the essential part of the stamen, which contains the pollen ; p. 86, 113. 
Atdhertdium (plural antheridia): the organ in Mosses, &c. which answers to 

the anther of Flowering plants. 
Anther(ferous : anther-bearing. 

Anth€sis : the period or the act of the expansion of a flower 
Anthocdrpous (fruits) : same as multiple fruits ; p. 133. 
Anticous: same as anterior. 
Antrdrse: directed upwards or forwards. 
Ap&alous: destitute of petals ; p. 90, flg. 179. 
Aphyllous : destitute of leaves, at least of foliage. 
Apical : belonging to the apex or point. 
Apktdaie : pointletted ; tipped with a short and abrupt point. 
Apocdrpous (pistils) : when the several pistils of the same flower are separate^ 

as in a Buttercup, Sedum (flg. 168), &c 
Apdphgsis : any irregular swelling ; the enlargement at the base of the spore- 
case of the Umbrella-Moss (Manual, plate 4), &c. 
Appendage • any superadded part 
Appendtculate : provided with appendages. 
Appressed: where branches are close pressed to the stem, or leaves to the 

branch, &c 
Apterous: wingless. 
Aquatic: living or growings in water; applied to plants whether growing under 

water, or with all but the base raised out of it -^ 

Ardchnoid: cobwebby ; clothed with, or consisting of, soft downy fibres. 
Afii^reaus, Arborescent : tree-like, in size or form ; p. 36. 

18 
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Archeg&nium (plural archegonia) : the organ in Mosses, &c., which is aaalogooi 

to the pistil of Flowering Plants. 
Arcuate: bent or carved like a bow. 
Ar^dlate : marked out into little spaces or areoke. 
Ariiiate (seeds) * famished with an 
Jiril or AfilluB : a fleshy growth forming a felse coat or appendage to a seed; 

p. 135, fig. 318. 
AHstaU : awned. i. e. famished with an arista, like the beard of Barley, &c, 
Arittulale : diminative of the last ; short-awned. 
Arrow-Shaped or Arrow-headed: same as sagittate ; p. 59, fig. 95. 
Articulated: jointed ; famished with joints or articulations, where it separates oi 

inclines^to do so. Articulated leaves, p. 64. 
Artificial Classijication^ p. 196. 

Ascending (stems, &c.), p. 37 ; (seeds or ovales), p. 122. 
Atpergdliform : shaped like the brush ased to sprinkle holy water ; as the stigmas 

of many Grasses. 
Assimilation, p. 162. 
Assurgent: same as ascending, p. 37. 
Atropous or Atropal (ovules) : same as orthotropons. 
Auriculate : furnished with auricles or ear-like appendages, p. 59. 
Awl-shaped: sharp-pointed from a broader base, p. 68. 
Aum : the bristle or beard of Barley, Oats, &c. ; or any similar bristle-like ap> 

pendage. 
Awned: furnished with an awn or long bristle-shaped tip. 
Axil: the angle on the upper side between a leaf and the stem, p. 20. 
AxiU: belonging to the axis, or occupying the axis; p. 119, &c. 
Axillary (buds, &c.) : occurring in an axil, p 21, 77, &c. 
Axis : the central line of any body ; the organ round which others are attached ; 

the root and stem. Ascending Axis, p. 9. Descending Axis^ p. 9. 

Baccate: berry-like, of a pulpy nature like a berry (in Latin bacca) ; p. 127. 

Barbate : bearded ; bearing tufts, spots, or lines of hairs. 

Barbed : furnished with a barb or double hook ; as the apex of the bristle on the 

fraitof Echinospermum (Stickseed), &c. 
Bdrbellate: said of the bristles of the pappus of some Compositse (species of 

Liatris, &c ), when beset with short, stiff hairs, longer than when denticolate, 

but shorter than when plumose. 
Barbdlulate : diminutive of barbellate. 

Bark: the covering of a stem outside of the wood, p. 150, 152. 
Basal : belonging or attached to the 

Base : that extremity of any organ by which it is attached to its support. 
Bast, Bast-fibres, p. 147. 
Beaked: ending in a prolonged narrow tip. 
Bearded : see barbate. Beard is sometimes used popularly for awn, more com* 

monly for long or stiff hairs of any sort. 
Bell-shaped : of the shape of a bell, as the corolla of Harebell, fig. 207, p. 102. 
Berry : a fruit pulpy or juicy throughout, as a grape; p. 127. 
Bi- (or Bis), in compound words : twice ; as 
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BiarUcuHaU : twice jointed, or two-jointed ; separating into two pieoei. 

Biaurteulate : having two ears, as the leaf in fig. 96. 

Bicallose : having two callosities or harder spots. 

Bicdrinate: two-keeled, as the npper palea of Grasses. 

Bicipital (Biceps) : two-headed ; dividing into two parts at the top or bottom. 

Bicdnjugate : twice paired, as when a petiole forks twice. 

Bid€ntate: having two teeth (not twice or doubly dentate). 

Biennial : of two years' continuance ; springing from the seed one season, 

flowering and dying the next ; p. 21. 
Bifdriom : two-ranked ; arranged in two rows. 

Bifid: two-cleft to al)out the middle, as the petals of Mouse-ear duckweed. 
Bifdiolate : a compound leaf of two leaflets ; p. 66. • 

Bifurcate: twice forked ; or, more commonly, foriced into two branches. 
Bijugate: bearing two pairs (of leaflets, &c.). 
Bildbiate: two-lipped, as the corolla of sage. &c , p. 105, fig. 209. 
Bildmellate : of two plates (lamellce), as the stigma of Mimulus. 
Bifdbed: the same as two-lobed. 
Bildcular : two-celled ; as most anthers, the pod of Foxglove, most Saxifrages 

(fig. 254), &c. 
Binate : in couples, two together. 
Bipartiite : the Latin form of two-parted ; p. 62. 
Bipinnate (leaf) : twice pinnate ; p. 66, fig. 130. 
Bipirmdtifid: twice pinnatifid, p. 64; that is, pinnatifid with the lobes again 

pinnatifid. 
Bipiicate : twice folded together. 

Bis^ricU, or Bis€riate : occupying two rows, one within the other. 
Biserrate: doubly serrate, as when the teeth of a leaf, &c. are themselves serrate. 
Bit&nate : twice temate ; i. e. principal divisions 3, each bearing 3 leaflets, &c. 
Bladdery: thin and inflated, like the calyx of Silene inflata. 
Made of a leaf :*its expanded portion ; p 54. 

Boat-shaped: concave within and keeled without, in shape like a small boat. 
Brdchiate: with opposite branches at right angles to each other, as in the 

Maple and Lilac. 
Bract (Latin, bractea). Bracts, in general, are the leaves of an inflorei«cence, 

more or less different from ordinary leaves. Specially, the bract is the 

small leaf or scale from the axil of which a flower or its pedicel proceeds ; 

p. 78; and a 
Bracdet {bracteola) is a bract seated on the pedicel or flower-stalk; p. 78, fig. 156^ 
Branchy p. 20, 36. 

Bristles : stiff", sharp hairs, or any very slender bodies of similar appearance. 
Bristly : beset with bristles. 
Brush-shaped : see aspergilliform. 
Bryology: that part of Botany which relates to Mosses. 
Bad: a branch in its earliest or undeveloped state ; p. 20. 
Bud-scaleSy p. 22, 50. 

BuO) : a leaf-bud with fleshy scales, usually subterranean ; p. 45, fig. 73. 
Buthiferous : bearing or producing bulbs. 
Bulbote or buRnuf : bulb-like in shape, && 
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Bulblets: small batbs, borne above ground, as on the stems of the bmlb-bearing 
Lilj and on the fronds of Cistopteris bulbifera and some other Ferns; p. 46. 
BuUhKoits, p. 50. 
Bullate: appearing as if blistered or bladdery (from bulla, a bobble). 

Cadticoui: dropping off very early, compared with other parts ; as the calyx in 

the Poppy Family, falling when the flower opens. 
CaapitoBe, or CApitote : growing in turf-like patches or tufts, like most sedges, &c. 
Cdlcaraie: furnished with a spur (cakar), as the floww of Larkspur, fig. 183, 

and Violet, fig. 181. 
Calc6olate or Cdlceifarm : slipper-shaped, like one petal of the Lady's Slippw> 
Cdflofie : l\|urdened ; or furnished with c^Uosities or thickened spots. 
Cdlycine : belonging to the calyx. 
Calyculate : furnished with an outer accessory calyx (oo/j/cii/tis) or set of bracts 

looking like a calyx, as in true Pinks. 
Caljjptra : the hood or veil of the capsnle of a Moss : Manual, p. 607, &c 
Calyptrifonn : shaped like a calyptra or candle-extinguisher. 
Oi/yr .* the outer set of the floral envelopes or leaves of the flower ; p. 85. 
Cambium and Cambium-layer, p. 154. 
Campdnulate : bell-shaped; p. 102, fig. 207. 
CampyUHropom, or Campyldtropal ; curved ovules and seeds of a particular sort; 

p. 123, fig. 271. 
Campt^o9p€rmou8 : applied to fruits of IJmbellifersB when the seed is curved in 

at the edges, forming a groove down the inner face ; as in Sweet Cicely. 
Canaliculate: channelled, or with a deep longitudinal groove. 
Cdncdlate: latticed, resembling lattice-work. 
Can€»oeHt: grayish-white; hoary, usually because the surfiice is covered with 

fine white hairs. Inccmoua is whiter still. 
Capilldceous, Cdpillary : hair-like in shape ; as fine as hair or slender bristles. 
Cdpitate : having a globular apex, like the head on a pin ; as the stigma of 

Cherry, fig. 213 ; or forming a head, like the flower<luster of Button-busb, 

fig. 161. 
Capiteilate : diminutive of capitate ; as the stigmas of fig. 255. 
Capitulum (a little head) : a close rounded dense cluster or head of sessite 

flowers; p. 80, fig. 161. 
Capr^Iaie; bearing tendrils (from eapreolua, a tendril). 
Capsule: a pod ; any dry dehiscent seed-vessel; p. 131, fig. 305, 306. 
Cdpsular: relating to, or like a capsule. 
Carina : a keel ; the two anterior petals of a papilionaceous flower, which are 

combined to form a body shaped somewhat like the keel (or rather the 

prow) of a vessel ; p. 105, fig. 218, k. 
Cdrinate : keeled ; furnished with a sharp ridge or projection on the lower side. 
CaridpsiSf or Carydpsis: the one-seeded fhiit or grain of Grasses, &Cr, p. 351. 
Cdmeous : flesh-colored ; pale red. 
Cdmose: fleshy in texture. 
Cdrpd, or Carpidium : a simple pistil, or one of the parts or leaves of which a 

compound pistil is composed ; p. 117. 
Odrpellary • pertaining to a carpel. 
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Carpdogy : that department of Botany which relates to fruits. 

Cdrpophore: the stalk or support of a fruit or pistil within the flower; as in 

fig. 276-278. 
Cartilaginous, or Cartilagineoua : firm and tough, like cartilage, in texture. 
Caruncle: an excrescence at the scar of some seeds; as those of Polygala. 
Qirunculate : furnished with a caruncle. 

Caryophylldceous : pink-like : applied to a corolla of 5 long-clawed petals ; fig. 200* 
Catkin: a scaly deciduous spike of flowers, an ament; p. 81. 
Caudate : tailed, or tail-pointed. 

Caudex : a sort of trunk, such as that of Palms ; an upright rootstock ; p, 37. 
Caulescent : having an obvious stem ; p. 36. 
CaUlicle: a little stem, or rudimentary stem; p. 6. 
CaUiine: of or belonging to a stem {caulis, in Latin), p. 36. 
Cell (diminutive Cellule) : the cavity of an anther, ovary, &c., p. 1 13, 1 19 ; one of 

the elements or vesicles of which plants are composed ; p. 140, 142. 
Cellular tissue of plants; p. 142. CeihUar Bark, p. 152. 
Cellulose, p. 159. 
Centrifugal (inflorescence) : produced or expanding in succession from the centre 

outwards ; p. 82. The radicle is centrifugal, when it points away from the 
. centre of the fruit. 
Centripetal : the opposite of centrifugal ; p. 79, 83. 
Cereal : belonging to com, or corn-plants. 
Qfmttous : nodding ; the summit more or less inclining. 
Chaff: small membranous scales or bracts on the receptacle of Compositie ; the 

glumes, &c. of Grasses. 
Chaffy : furnished with chaif, or of (he texture of chafiT, 
Chaldza : that part of the ovule where all the parts grow together; p. 122. 
Channeled: hollowed out like a gutter; same as canaliculate. 
Character: a phrase expressing the essential marks of a species, genus, &e. 

which distinguish it from all others ; p. 180. 
Chartdceous : of the texture of paper or parchment 
Chlorophyll : the green grains in the cells of the leaf, and of other parts exposed 

to the light, which give to herbage its green color; p, 155. 
Chr6mule : coloring matter in plants, espe<*ially when not green, or when liquid. 
Cicatrix : the scar left by the fall of a leaf or other organ. 
Ciliate : beset on the mai^in with a fringe of ci//a, i. e. of hairs or bristles, Uk« 

the eyelashes fringing the eyelids, whence the name 
Cinereous, or Cinerdceous : ash-grayish ; of the color of ashes. 
Circinate : rolled inwards from the top, like a crosier, as the shoots of Ferns ; 

p. 76, fig. 154; the flower-clusters of Heliotrope, &c. 
Circutnscissile, or Circnmcissile: divided by a circular line round the sides, as 

the pods of Purslane, Plantain, &c. ; p. 133, fig. 298, 311. 
Circumscription : the general outline of a thing. 
drrhiferous^ or Cirrhoee: furnished with a tendril (Latin, cirrhus) ; as the Grape* 

vine. CIrrhose also means resembling or coiling like tendrils, as the leaf« 

stalks of Vii'gin's-bower ; p. 37. 
Oass, p 175, 177. 
Classijication, p. 173. 

18* 
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Cldtkrate : latticed ; same as cancellate. 

Cldcate : club-shaped ; slender below and thickened npwards. 

Claw: the narrow or stalk-like base of some petals, as of Pinks ; p. 102, fig. 200. 

Climhing : rising by clinging to other objects ; p. 37. 

0,ub-shaped : see cUtvate. 

Clustered : leaves, flowers, &c. aggregated or collected into a bunch 

Ciypeate: buckler-shaped. 

Coddunaie : same as connate ; i. e. united. 

Coalfycent : growing together. 

CbdrctcUe : contracted or brought close together. 

Coated Bulbs, p. 46. 

CobwMy : same as arachnoid ; bearing hairs like cobwebs or gossamer. 

Cdccus (plural cocci) : anciently a berry ; now mostly used to denote the carpels 

of a dry fruit which are separable from each other, as of Euphorbia. 
Cochledriform : spoon-shaped. 
Cdchleate : coiled or shaped like a snail-shell. 

Ccdosp&mous : applied to those fruits of Umbellifene which have the seed hol- 
lowed on the inner face, by the curving inwards of the top and bottom ; as in 

Coriander. 
Querent, in Botany, is usually the same as connate ; p. 104. 
Collective fruits, p. 133. 

Collum or Collar : tlie neck or line of junction between the stem and the root 
Columbia : the axis to which the carpels of a compound pistil are often attf^hed, 

as in Geranium (fig. 278), or which is left when a pod opens, as in Azalea 

and Rhododendron. 
Column : the united stamens, as in Mallow, or the stamens and pistils united into 

one body, as in the Orchis family, fig. 226. 
Columnar : shaped like a column or pillar. 

Coma : a tuft of any sort (literally, a head of hair) ; p. 135, fig. 317. 
Qfmose: tufted ; bearing a tuft of hairs, as the seeds of Milkweed ; fig. 317. 
Qfmmissure : the line of junction of two carpels, as in the fruit of IJmbelliferaB, 

such as Parsnip, Caraway, &c 
Common : used as ** general," in contradistinction to " partial " ; e. g. ** common 

involucre," p. 81. 
Cdmplanate: flattened. 

Compound leaf, p. 64. Compound pistil , p. 118. Compound umbel, &c., p. 81. 
Complete (flower), p. 89. 
Complicate : folded upon itself. 
Compressed: flattened on two opposite sides. 
Conddplicate : folded upon itself lengthwise, as are the leaves of Magnolia in the 

bud, p. 76. 
Qme : the fruit of the Pine famil/ ; p. 133, fig. 314. 
Cdnjluent : blended together ; or che same as coherent. 
Conformed: similar to another thing it is associated with or compared to; of 

closely fitted to it, as the skin to the kernel of a seed. 
Congested, Conglomerate : crowded together. 
Cdnjugate : coupled ; in single pairs. 
Connate : united or grown together from the first. 
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Qmn^ctive^ Connectfaum : the part of the anther connecting its two cells ; p. 113. 

Conn(oent : converging, or brought close together. 

Consolidated forms of vegetation, p. 47. 

Continuous : the reverse of interrupted or articulated. 

Contorted: twisted together. Contorted (estivation : same as convolute; p. 109. 

Contortuplicate : twisted back upon itself. 

Contracted: either narrowed or shortened. 

Contrary : turned in an opposite direction to another organ or part with which 

it is compared. 
Cdnvolute : rolled up lengthwise, as the leaves of the Plum in vernation ; p. 76, 

fig. 151. In aestivation, same as contorted; p. 109. 
Cordate: heart-shaped ; p. 58, fig. 90, 99. 
Coriaceous : resembling leather in texture. 
Corky: of the texture of cork. Corky layer of bark, p. 152. 
Cbrm, Connus : a solid bulb, like that of Crocus ; p. 44, fig. 71, 72. 
Qfrneous : of the consistence or appearance of horn, as the albumen of the 

seed of the Date, Coffee, &c. 
Corrdculaie : furnished with a small horn or spur. 
Comute: homed ; bearing a horn-like projection or appendage. 
CordUa : the leaves of the flower within the calyx ; p. 86. 
CorolldceouSf Corolline : like or belonging to a corolla. 

Cortina : a coronet or crown ; an appendage at the top of the claw of somo 
petals, as Silene and Soapwort, fig. 200, or of the tube of the corolla of 
Hound's-Tongue, &c. 
Cordnate : crowned ; furnished with a crown. 
QSrtical: belonging to the bark (cortex). 

Corymb: a sort of flat or convex flower-cluster ; p. 79, fig. 158. 
Corymhdse: approaching the form of a corymb, or branched in that way; 

arranged in corymbs. 
Costa : a rib ; the midrib of a leaf, &c. Costate : ribbed. 
Cotyledons : the first leaves of the embryo ; p. 6, 137. 
Crate'riform : goblet-shaped ; broadly cup-shaped. 

Creeping (stems) : growing flat on or beneath the ground and rooting; p. 37. 
Cr€mocarp : a half-fruit, or one of the two carpels of Umbeiiiferae. 
Crenate, or Crenelled : the edge scalloped into rounded teeth ; p. 62, fig. 114. 
Ci-estedj or Cristate : bearing any elevated appendage like a crest. 
Cribrose : pierced like a sieve with small apertures. 
Crinite : bearded with long hairs, &c. 
Crown : see corona. 

Crowning : borne on the apex of anything. 

Cruciate^ or Cnictform : cross-shaped, as the four spreading petals of the Mus- 
tard (fig. 187), and all the flowers of that family. 
Crustaceous : hard, and brittle in texture ; crust-like. 
Cryptdgamous, or Cryptogamic : relating to Cryptogamia; p. 172, 197. 
Cucullate: hooded, or hood-shaped, rolled up like a comet of paper, or a hood 

(cucullus)j as the spathe of Indian Turnip, flg. 162. 
Culm : a straw ; the stem of Grasses and Sedges. 
Oineate, Cuneiform : wedge-shaped ,* p. 58, fig. 94. 

J 
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Cup-shaped: same as cjathiform, or near- it. 

CUpule : a little cup ; the cup to ttie acorn of the Oak, p. 130, fig. 299. 

Cdpulate : provided with a capule. 

Cuspidate : tipped with a sharp and stiff point 

Cut : same as incised, or applied generally to any sharp and deep divisioQ. 

CiUide : the skin of plants, or more strictly its external pellicle. 

Cydlhiform : in the shape of a cup, or particularly of a wine-glasg* 

C^de : one complete turn of a spire, or a circle ; p. 73. 

CydicaL rolled up circularly, or coiled into a complete circle. 

Cjfdifsis: the drcalation in closed cells, p. 167. 

Cylindraceous : approaching to the 

CyUndricaL form ; as that of stems, &c., which are roand, and gradually if at all 

tapering. 
C^mlxeform, or Cymbiform : same as boat^shaped. 
Cyme: a cluster of centrifugal inflorescence, p 82, fig* 165, 167. 
Cymoee : furnished with cymes, or like a cyme. 

Deca- (in composition of words of Greek deriyation) : ten ; as 
Decdgynous : with 10 pistils or styles. Decdndrous : with 10 stamens* 
Deciduous : falling off, or subject to fsAl , said of leaves which fall in aotumB, 

and of a calyx and corolla which fall before the fruit forms. 
Dedined : turned to one side, or downwards, as the stamens of Azalea nudiflonu 
Decompound: several times compounded or divided ; p 67, fig. 138. 
Decumbent: reclined on the ground, the summit tending to rise ; p. 37. 
Decurrent (leaves) : prolonged on the stem beneaA the insertion, as in Thistly. 
Decussate : arranged in pairs which successively cross each other ; fig. 147. 
Definite : when of a uniform number, and not above twelve or so. 
Deflexed: bent downwards. 

Deflorate : past the flowering state, as an anther after it has discharged its pollen. 
Dehiscence: the mode in which an anther or a pod regularly bursts or splits 

open; p. 132. 
Dehiscent : opening by regular dehiscence. 

Deliquescent : branching off so that the stem is lost in the branches, p. 25. 
Ddtoid: of a triangular shape, like the Greek capital A* 
Demersed: growing below the surface of water. 
Dendividf Dendritic : tree-like in form or appearance. 
Dentate: toothed (from the Latin dens, a tooth), p. 61, fig. 113. 
Denticulate: famished with denticulations, or very small teeth: diminQtiTe of 

the last. 
Depauperate (impoverished or starved) : below the natural size. 
Depressed: flattened, or as if pressed down from above ; flattened vertically. 
Descending : tending gradually downwards. 
Determinate In florescence ^ p. 81, 83. 
Dextrorse : turned to the right hand. 
Di- (in Greek compounds) : two, as 

Diddelphous (stamens) : united by their filaments in two sets ; p. Ill, fig. 227. 
Didndrous: having two stamens, p. 112. 
Diagnosis: a short distinguishing character, or descripttye phrase. 
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Didphamms : trans^rdnt <Mr translncent. 

DicMamydeotts (flower) : having both calyx aftd ddrolliu 

Dichdtomons : two-forked. 

Didimus: having the stamens in one flower, the j^istili xft Iuil6iher; p, ^% 

fig. 176, 177. 
Dic<fccou8 (fruit) : splitting into two coccif or closed carpels. 
DiootyUdonovs (embryo) : having a pair of cotyledons ; p. 16, 137. 
Dicotyledonous Plants, p. 150, 182. 
Didymous: twin* 
Didynamous (stamens) ; having four stamens in two pairs, one pair shinier than 

the other, as in fig. 194, 195. 
Diffuse: spreading widely and irregularly. 
D^itate (fingered) : where the leaflets of a compound Icii^ are all borne oil the 

apex of the petiole ; p. 65, fig. 129. 
Digynous (fiowerj : having two pistils or styles, p. 116. 
Dimerous : made up of two parts, or its organs in twos. 
Dimidiate : halved ; as where a leaf or leuflet has only one side developed, or a 

stamen has only one lobe or cell ; fig. 239. 
Dimorphous : of two forms. 
DioeciouSf or Dioicous : where the stamens and pistils are in separate flowers on 

diflbrent plants ; p. 89. 
DipAalous : of two petals. Dtphfilous : two-leaved. D^tterons : two-winged. 
Disciform or Disk-shaped : flat and circular, like a disk or quoit. 
Disk : the face of any flat body ; the central part of a head of flowers, like the 

Sunflower, or Coreopsis (fig. 224), as opposed to the ray or margin; a 

fleshy expansion of the receptacle of a flower ; p. 125. 
Dissected : cut deeply into many lobes or divisions. 
Dissepiments: the partitions of an ovary or a fruit ; p. 119. 
Distichous: two-ranked; p. 73. 
Distinct: uncombined with each other ; p. 102. 
Divdricaie : straddling ; very widely divergent. 

Divided (leaves, &c.) : cut into divisions extending about to the base or the mid- 
rib; p. 62, fig. 125. 
Dodeca- (in Greek compounds) : twelve; as 
Dodecdyynous : with twelve pistils or styles. 
Dodecandrous : with twelve stamens. 
Dolahriform: axe-shaped. 

Do-rsal: pertaining to the back {dorsum) of an organ. 
Dorsal Suture, p. 117. 
Dotted Ducts, p. 148. 

DouhU Flowers, so called : where the petals are multiplied unduly ; p. 85, 98. 
Downy : clothed with a coat of soft and short hairs. 
Drupe: a stone-fruit; p. 128, fig. 285. 
Drupaceous : like or pertaining to a drupe. 
Duds:" the so-called vessels of plants; p. 146, 148. 
Dumose: bushy, or relating to bushes. 
Dwanten: the hcait-wood, p. 153. 
Dwarf: remarkably low in stature. 
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E', or Ex-, at the beginning of compound words, means destitate of; as eeotlate, 
withoat a rib or midrib ; exalbuminous, without albnmeny &c. 

Eared: see auriculate; p. 59, fig. 96. 

Ebrdcteate ; destitute of bracts. 

EchiitaU : armed with prickles (like a hedgehog). EchtnukOe : a diminutiye of it. 

Edentate: toothless. 

Effete : past bearing, &c. ; said of anthers which hare dischaiged their pollen. 

Egiandulose : destitute of glands. 

Eldten : threads mixed with the spores of Liverworts. (Manual, p. 682.) 

EUiptoidal : approaching an elliptical figure. 

Elliptical : oval or oblong, with the ends regularij rounded ; p. 58, fig. 88. 

EmdrginaU : notched at the sunmiit ; p. 60, fig. 108. 

kwibryo : the rudimentary undeveloped plantlet in a seed ; p. 6, fig. 9, 12, 26, 
31 -37, &c., and p. 136. Embryo-sac, p. 139. 

Emersed : raised out of water. 

Endecdgynous : with eleven pistils or styles. Endecdndrous : with eleven stamens* 

Endocarp : the inner layer of a pericarp or fruit ; p. 128. 

Endochrome : the coloring matter of Algae and the like. 

Enddgenous StemSy p. 150. Endogenous Piants, p. 150. 

Endosmose: p. 168. 

Endosperm : another name for the albumen of a seed. 

£ndo8tome : the orifice in the inner coat of an ovule. 

Ennea- : nine. Ennedggnous : with nine petals or styles. 

Ennedndrous : with nine stamens. 

Ensiform : sword-shaped ; as the leaves of Iins, fig. 134- 

Entire: the margins not at all toothed, notched, or divided, but even ; p. 61. 

Ephemeral : lasting for a day or less, as the corolla of Purslane, &c. 

Epi-f in composition : upon ; as 

kpicarp : the outermost layer of a fruit ; p. 128. 

Epiderntal: relating to the Epide'rmis, or the skin of a plant; p. 152, 155. 

Epigceous : growing on the earth, or close to the ground. 

Epiggnous: upon the ovary ; p. 105« 111. 

Epipiflalous: borne on the petals or the corolla. 

Epiph^llous : borne on a leaf. 

Epiphyte : a plant growing on another plant, but not nourished by it ; p. 34. 

Epiphytic or Epiphytal : relating to Epijyhytes ; p. 34. 

Epispenn : the skin or coat of a seed, especially the outer coat 

Equal: same as regular ; or of the same number or length, as the case may be, 
of the body it is compared with. 

Equally pinnate : same as abruptly pinnate ; p. 65. 

£quitant (riding straddle) ; p. 68, fig. 133, 134. 

Erose: eroded, as if gnawed. 

Erdstrate: not beaked. 

Essential Organs of the flower, p 85. 

Estivation: see cestivation. 

Etiolated: blanched by excluding the light, as the stalks of Celery. 

Evergreen : holding the leaves over winter and until new ones appear, or longeft 

Exaltniminous (seed) : destitute of albumen ; p. 136. ... 
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Bxatrent : mnning ont, as when a midrib projects beyond the apex of a lea( 

or a tnink is continued to the very top of a tree. 
Exhalation, p. 156, 169. 

Exdgenous Stems, p. 150. Exogenous Plants , p. 182. 
Exostome: &e orifice in the outer coat of the ovule; p. 122. 
Explanate : spread or flattened out 

Exserted: protruding out of, as the stamens out of &e corolla of fig. 201. 
Exstipulate : destitute of stipules. 
Extra-axillary : said of a branch or bud a little out of the axil ; as the upper 

accessory buds of &e Butternut, p 27, fig. 52. 
Extrdrse : turned outwards ; the anther is cxttorse when &stened to the filament 

on &e side next the pistil, and opening on the outer side, as in Iris ; p. 1 13. 

Falcate : scythe-shaped ; a flat body curved, its edges parallel. 

Family: p. 176. 

Farinaceous : mealy in texture. Fdrinose : covered with a mealy powder. 

Fdsciate: banded ; also applied to monstrous stems which grow flat. 

Fdscide : a close cluster ; p. 83. 

Fdscicled, Fasciculated : growing in a bundle or tuft, as the leaves of Fine 
and Larch (fig 139, 140), the roots of Paeony and Dahlia, fig. 60. 

Fastigiate : close, parallel, and upright, as the bi*anches of Lombardy Poplar. 

Faux (plural, /auces) : the throat of a calyx, corolla, &c. 

Favidlatef Fdvose : honeycombed ; same as alveolate. 

Feather-veined : where the veins of a leaf spring from along the sides of a mid- 
rib ; p. 57, fig. 86 - 94. 

Female (flowers) : with pistils and no stamens. 

Fenestrate : pierced with one or more lai^ holes, like windows. 

Ferrugineous, or Ferruginous: resembling iron-rust ; red-grayish. 

Fertile : fruit-bearing, or capable of producing fruit; also said of anthers when 
they produce good pollen. 

Fertilization : the process by which pollen causes the embryo to be formed. 

Fibre, p. 145. Fibrous : containing much fibre, or composed of fibres. 

FibrUlose: formed of smuU fibres. 

Fibrine, p. 165. 

Fiddle-shaped : obovate with a deep recess on each side. 

Filament: the stalk of a stamen; p. 86, fig. 170, a; also any slender thread^ 
shaped appendage. 

Filame'ntose, or Filamentous: bearing or formed of slender threads. 

Filiform : thread-shaped ; long, slender, and cylindrical. 

Fimbriate: fringed; furnished with fringes (^»i6»/«). 

Fistular or Fistulose: hollow and cylindrical, as the leaves of the Onion. • 

Flab^Uiform or Flab€lkUe : fan-shaped ; broad, rounded at the summit, and nar- 
rowed at the base. 

FldgeUate, or Flage1liform< long, narrow, and flexible, like the thong of a whip* 
or like the runners (Jlagellce) of the Strawberry. 

Flavescent : yellowish, or turning yellow. 

fleshy : composed of firm pulp or flesh. 

FUshy PlanU, p. 47. 
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FUnto&e, or FlAuou$: bending gently in opposite directions, in a zigzag way. 

Flooding: swimming on the surface of water. 

FlikTOte : composed, or bearing tufts, of woolly or long and soffc hairs. 

Flora (the goddess of flowers): the plants of a country or district, taken 

together, or a work systematically describing them ; p. 3. 
Floral: relating to the blossom 
Floral Envelopes : the leaves of the flower ; p. 85, 99. 
Floret : a diminutive flower ; one of the flowers of a head (or of ihe so-called 

compound flower) of Compositse, p. 106. 
Flower : the whole organs of reproduction of Phaenogamous plants ; p. 84. 
Flower^Htd: an onoiiencd flower. 

Fhwerimg Plants^ p. 177. FlowerUss Plants, p. 172, 177. 
Folidceoiis : belonging to, or of the texture or nature of, a leaf (JbUum). 
Fdliose : leafy ; abounding in leaves. 
Fdliolate: relating to or bearing leaflets (foliota). 
FdUicU: a simple pod, opening down the inner suture ; p. 131, fig. 30S. 
Follicular : resembling or belonging to a follicle. 
Food o/PlanU, p. 160. 

Foramen : a hole or orifice, as that of the ovule ; p. 122. 
Fornix: little arched scales in the throat of some corollas, as of Comfivy. 
Fdmicaie: over-arched, or arching over. 
Fdaeate : deeply pitted. Fovtiblate : diminutive of Jbveate. 
Free: not united with any other parts of a diflferent sort ; p. 103. 
Fringed : the margin beset with slender appendages, bristles, &c. 
Frond : what answers to leaves in Ferns ; the stem and leaves fused into one 

body, as in Duckweed and many Liverworts, &c. 
Frondescence : the bursting into leaf 

Frdndose: firond-bearing ; like a frond : or sometimes used for leafy. 
Fructification : the state of fruiting. Organs of, p. 76. 
Fruit: the matured ovary and all it contains or is connected with ; p. 126. 
Frut€9cent : somewhat shrubby ; becoming a shrub (fndex). 
Fruticulose: like a small shrub. Fniticose: shrubby; p. 36. 
Fugacious : soon falling off or perishing. 
Fulvous : tawny ; dull yellow with gray. 
Funiculus: the stalk of a seed or ovule; p. 122. 
Funnel-form, or Funnel-shaped: expanding gradually upwards, like a ftmncl 

or tunnel ; p. 102. 
Furcate: forked. 

Furfurdceous : covered with bran-like fine scurf. 
Furrowed: marked by longitudinal channels or grooves. 
Fuscous: deep gray-brown. 
Fiisiform: spindle-shaped; p. 32. 

Gdleaie: shaped like a helmet (rjalea) ; as the upper sepal of the Monkshood, 

fig. 185, and the upper lip of the corolla of Dcad-Nettlc, fig. 209. 
Gamopetahus: of united petals ; same as monopetalous, and a better word ; p. 102. 
Gamophyllous : formed of united leaves. Gamos^paloas : formed of united sopalft. 
Gelatine, p. 165. 
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Gifminaie: twin ; in pairs ; as the flowers of Linnaea. 

Gemma : a bud. 

Gemmation : the state of budding, or the arrangement of parts in the bad. 

G€mmule : a small bud ; the buds of Mosses ; the plumule, p. 6. 

Geniculate: bent abruptly, like a knee (yenu), as many stems. 

Crenvs : a kind ; a rank above species ; p. 175, 176. 

Generic Names, p. 178. Generic Character, p. 181. 

Geographical Botany : the study of plants in their geographical relations, p. 3. 

Germ : a growing point ; a young bud ; sometimes the same as embryo ; p. 136. 

Germen : the old name for ovary. 

Germination: the development of a plantlet from the seed ; p. 5, 137. 

Gibbous : more tumid at one place or on one side than the other. 

GlabrcUe: becoming glabrous with age, or almost glabrous. 

(jKabrous : smooth, i. e. having no hairs, bristles, or other pubescenc-v. 

Gfmliate: sword-shaped; as the leaves of Iris, fig. 134. 

Glands: small cellular organs which secrete oily or aromatic or oth<r products : 
they are sometimes sunk in the leaves or rind, as in the Orange, Prickly 
Ash, &c. ; sometimes on the surface as small projections ; sometimes raised 
on hairs or bristles {glandular hairs, ^.), as in the Sweetbrier and Sun- 
dew. The name is also given to any small swellings, &c., whether they 
secrete anything or not. 

Glandular, Glandulose: furnished with glands, or gland-like. 

Glans ( Gland) : the acorn or mast of Oak and similar fruits. 

Glaucescent : slightly glaucous, or bluish-gray. 

Glaucous : covered with a bloom, viz. with a fine white powder that rubs off, like 
that on a fresh plum, or a cabbage-leaf. 

Globose: spherical in form, or nearly so. Gldbular: nearly globose. 

Glochidiaie (hairs or bristles) : barbed ; tipped with barbs, or with a double 
hooked point. 

Gldmerate : closely aggregated into a dense cluster. ^ 

Gldmerule: a dense head-like cluster; p. 83. 

Glossology : the department of Botany in which technical terms are explained. 

Glumaceous : glume-hke, or glume-bearing. 

Glume : Glumes are the husks or floral coverings of Grasses, or, particularly, 
the outer husks or bracts of each spikclet. (Manual, p. 535.) 

Glumelles : the inner husks, or palese, of Grasses. 

Gluten: a vegetable product containing nitrogen ; p. 165. 

Granular: composed of grains. Granule: a small grain. 

Growth, p 138. 

Grumous or Grumose : formed of coarse clustered grains. 

Guttate : spotted, as if by drops of something colored. 

Gymnocdrpous : naked-fruited. 

Gymnosp^rmous : naked-seeded; p. 121. 

Gymnosp^rmce, or Gymnospermous Plants, p. 184 ; Manual, p. xxiiL 

Gyndndrous : with stamens borne on, i. e. united with, the pistil; p. Ill, fig. 226. 

GynoBcium : a name for the pistils of a flower taken altogether. 

Gffnobase : a particular receptacle or support of the pistils, or of the carpels of 
a compound ovary, as in Geranium, fig. 277, 278. 

19 
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Gpwfhon: a stalk raising a pistil above the stamens, as in the Cleome Familj, 

p. 276. 
Gyrate: coiled in a circle : same as circinate, 
Gifrote: stronglj bent to and fro. 

Habit : the general aspect of a plant, or its mode of growtiL 

Habitat : the situation in which a plant grows in a wild state. 

Hours: hair-like projections or appendages of the snrfoce of plants. 

Hairtf : beset with hairs, especially longish ones. 

Halberd-Mhaped, or Halberd-headed: see hastate. 

Halved: when appearing as if one half of the body were cot awaj. 

Hamate or Hamose : hooked ; the end of a slender body bent round. 

Hdmuloee : bearing a small hook ; a diminutive of the last 

Hastate or Hastile: shaped like a halberd; furnished with a spreading lobe va. 

each side at the base ; p. 59, fig. 97. 
Heart-shaped: of the shape of a heart as commonly painted ; p. 58, fig. 90. 
Heart-wood: the older or matqred wood of exogenous trees; p. 153. 
Helicoid: coiled like a helix or snail-shell. 

Helmet: the npper sepal of Monkshood in this shape, ^g. 185, &c. 
Hemi- (in compounds from the Qreek) : half; e. g. Hemisphericalf &c. 
Himicarp: half-fhiit, or one carpel of an Umbelliferous plant 
HemHropotts or HemUropal (ovule or seed) : nearly same as amphkropous, p. 123. 
Hepta- (in words of Greek origin) : seven; as, 
Heptdgynous: with seven pistils or styles. 

Heptdmerous: its parts in sevens. HqAdndrous: having seven stamens. 
Herb, p. 20. 

Herbaceous: of the texture of common herbage ; not woody ; p. 36. 
Herbarium: the botanist's arranged collection of dried plants; p. 201. 
Hermaphrodite (flower) : having both stamens and pistils in the same blossom ; 

same as perfect; p. 89. 
Heterocdrpous : bearing fruit of two sorts or shapes, as in Amphicarpsea. 
Heterdgamous : bearing two or more sorts of flowers as to their stamens and 

pistils ; as in Aster, Daisy, and Coreopsis. 
Heieromdrphous : of two or more shapes. 

Hetenftropous, or HetenHropal (ovule) : the same as amphitropous ; p. 123. 
Hexa- (in Greek compounds^) : six ; as 

Hexdgonal: six-angled. Hexdgynous: with six pistils or styles. 
Hexdmerous: its parts in sixes. Hexdndrous: with six stamens. 
Hexdpterous: six-winged. 
Hilar: belonging to the hilum. 

Hilum: the scar of the seed ; its place of attachment ; p. 122, 185. 
Hippocripiform : horseshoe-shaped. 
Hirsute : hairy with stifllsh or beard-like hairs. 

Hispid: bristly ; beset with stiff hairs. Hispidvlous is a diminutive of it 
Hoary : grayish-white ; see canescentj &c. 

Homdgamous: a head or cluster with flowers all of one kind, as in Eupatoriuro. 
Homogeneous : uniform in nature ; all of one kind. 
ffomomdllous (leaves, &c.) : originating all round a stem, but all bent or curved 

round to one side. 
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* 

Bomomdrphous : all of one shape. 

Homdtropoiis or Homdtropal (embryo) : curved with the seed ; curved one way* 

Hood: same as hdmet ot galea. Hooded: hood-shaped ; see cucuUate, 

Hooked: same as hamate, 

Horn : a spur or some similar appendage. Homy : of the texture of hora. 

Hortua Siccus: an herbarium, or collection of dried plants; p. 201, 

Humifuse : spread over the surface of the ground. 

Hyaline : transparent, or partly so. 

Hybrid: a cross-breed between two allied species. 

Hypocrat^form : salver-shaped ; p. 101, fig. 202^ 208. 

Hypogcean: produced under ground. 

Hypdgynous: inserted under the pistil; p. 103, fig. 212. 

Icosdndroua: having 12 or more stamens inserted on the ca!jx. 

Imbricate, Imbricatedf Imhricative: overlapping one another, like tiles or shingles 
on a roof, as the scales of the involucre of Zinnia, &c., or the bud-scales of 
Horsechesnut (fig. 48) and Hickory (fig. 49). In aestivation, where some 
leaves of the calyx or corolla are overlapped on both sides by others ; p. 109. 

Immarginate : destitute of a rim or border. 

Immersed: growing wholly under water. 

Impari-pinnate : pinnate with a single leafiet at the apex ; p. 65, fig. 126. 

Imperfect flowers : wanting either stamens or pistils ; p. 89. ^ 

IncequUateral : unequal-sided, as the leaf of a Begonia. 

hcanous: hoary with white pubescence. 

Incised: cut rather deeply and irregularly ; p. 62. 

Included: enclosed ; when the part in question does not project beyond another. 

Incomplete Flower: wanting calyx or corolla; p. 90. 

Incrassaied: thickened. 

Incumbent: leaning or resting upon: the cotyledons are incumbent when the 
back of one of them lies against the radicle ; the anthers are incumbent 
when turned or looking inwards, p. 113. 

Incurved: gradually curving inwards. 

Indefinite: not uniform in number, or too numerous to mention (over 12). 

Indefinite or Indeterminate Inflorescence: p. 77. 

Indehiscent : not splitting open ; i. e. not dehiscent ; p. 127. 

Indigenous : native to the country. 

Individuals: p. 173. 

IndupliaUe: with the edges turned inwards ; p. 109. 

Lkdusium: the shield or covering of a fruit-dot of a Fern. (Manual, p 588 J 

Inferior: growing below some other organ; p. 104, 121. 

Inflated: turgid and bladdery. 

Inflexed: bent inwards. 

Inflorescence : the arrangement of flowers on the stem ; p. 76. 

Infra-axUlary : situated beneath the axil. 

Infundibuliform or Infundibular: funnel-shaped; p. 102, fig. 199. 

Innate (anther) : attached by its base to the very apex of the filament; p. n& 

Innovation : an incomplete young shoot, especially in Mosses. 

Inorganie Constituents, p. 160. 



220 GLOSSARY. 

Luerthn : the place or the mode of attachment of an organ to its support ; p. 72. 

Intercellular Passages or Spaces, p. 143, fig. 341. 

LUemode: the part of a stem between two nodes ; p. 42. 

LUerrupledl^ pinnate: pinnate with small leaflets intermixed with larger ones, 

as in Water Avens. 
Intrajoliaceous (stipules, &c.) : placed between the leaf or petiole and the stem. 
LUrorse: turned or facing inwards, i. e. towards the axis of the flower; p. 113. 
Inverse or Inverted: where the apex is in the direction opposite to that of the 

oigan it is compared with. 
Involucd: a partial or small involucre ; p. 81. 
InvoldceUate: furnished with an involucel. 
Invotiicrate : furnished with an involucre. 

tnfxilucre : a whorl or set of bracts around a flower, umbel, or head ; p. 79. 
involute, in vernation, p. 76 : rolled inwards from the edges. 
Irregular Flowers, p. 91. 

Jointed: separate or separable at one or more places into pieces ; p. 64, &c 

Ked: a projecting ridge on a surface, like the keel of a boat; the two anteriof 

petals of a papilionaceous corolla; p. 105, fig. 217, 218, ^. 
Keeled: furnished with a keel or sharp longitudinal ridge. 
Kernel of the ovule and seed, p. 122, 136. 
Kidney-shaped: resembling the outline of a kidney ; p. 59, fig. 100. 

LaMlum : the odd petal in the Orchis Family. 

Labiate: same as bilabiate or two-lipped ; p. 105. 

Lactniate: slashed; cut into deep narrow lobes (called ladmce]. 

Lactescent : producing milky juice, as does &e Milkweed, &c. 

Ldcwwse : full of holes^or gaps. 

LcBvigate : smooth as if polished. 

Ldmellar or Lamellate : consisting of flat plates {ktmelke), 

Ldmina : a plate or blade : the blade of a leaf, &c., p 54. 

Lanate : woolly ; clothed with long and soft entangled hairs. 

Lanceolate : lance-shaped ; p. 58, fig. 86. 

Lanuginous : cottony or woolly. 

Latent buds : concealed or undeveloped buds ; p. 26, 27. 

Lateral: belonging to the side. 

Latex: the milky juice, &c. of plants. 

Lax: loose in texture, or sparse; &e opposite of crowded. 

Leaf, p. 49. Leaf-buds, p. 20, 27. 

Leaflet: one of the divisions or blades of a compound leaf; p. 64. 

Leaf-like: same asfoliaceous. 

Leathery : of about the consistence of leather ; coriaceous. 

Legume: a simple pod, dehiscent into two pieces, like that of the Pea, p. 131, 

fig. 303; the fruit of the Pea Family {Leguminosoe), of whatever shape. 
Lfigumine, p. 165. 

Leguminous : belonging to legumes, or to the Leguminous Family. 
Lenticular: lens-shaped; i. e. flattish and convex on both sides. 
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L^pidaU : leprons ; covered with scurfy scales. 

Liber: the inner, fibrous bark of Exogenous plants; p. 152. 

Ligneousj or Lignose: woody in texture. 

Ligulate: furnished with a ligule; p. 106. 

JUgtde: the strap-shaped corolla in many CompositaB, p. 106, fig. 220; the 

little membranous appendage at the summit of the leaf-sheatbs of most 

Grasses. 
Limb: the blade ot a leaf, petal, &c. ; p. 54, 102. 
Linear: narrow and flat, the margins parallel; p. 58, fig. 85. 
Lineate: marked with parallel lines. LineolcUe: marked with minute lines. 
LinguJcUe^ Linguijbrm: tongue-shaped. 
Lip : the principal lobes of a bilabiate corolla or calyx, p. 105 ; the odd and 

peculiar petal in the Orchis Family. 
Lobe: any projection or division (especially a rounded one) of a leaf, &c. 
Loce1lu8 (plural locelli) : a small cell, or compartment of a cell, of an ovary or 

anther. 
Ldcular : relating to the cell or compartment (loculus) of an ovary, &c. 
Loculicidal (dehiscence) : splitting down through the middle of the back of each 

cell ; p 132, fig 305. 
LocUsta : a name for the spikelet of Grasses. 

Ldment: a pod which separates transversely into joints; p. 131, fig. 304. 
Lomentdceous : pertaining to or resembling a loment. 
Ldrate: thong-shaped. 

Ldnate : crescent-shaped. Lunuhte : diminutive of lunate. 
Lyrate : lyre-shaped ; a pinnatifid leaf of an obovate or spatulate outline, the 

end-lobe large and roundish, and. the lower lobes small, as in Winter- 

Cress and Radish, fig. 59. 

Mace: the aril of the Nutmeg; p. 135. 

MdcukUe : spotted or blotched. 

Male (fiowers) : having stamens but no pistil. 

Mdmmose: breast-shaped. 

Marcescent : withering without falling oflf. 

Marginal: belonging to the edge or margin. 

Marginate : margined, with an edge different from the rest. 

Masked: see personate. 

Median : belonging to the middle. 

Medullary : belonging to, or of the nature of pith (medtdla) ; pithy. 

Medidlary Rays: the silver-grain of wood; p. 151. 

Medidlary Sheath: a set of ducts just around the pith ; p. 151. 

Metnbranacfious or Membranous: of the texture of membrane; thin and more or 

less translucent. 
Meniscoid: crescent-shaped. 

M^ricarp : one carpel of the fruit of an Umbelliferous plant. 
Meriimatic: separating into parts by the formation of partitions within. 
M^socarp : the middle part of a pericarp, when that is distinguishable into three 

layers ; p. 1 28. 
MesophUeum : the middle or green bark. 
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MtewpyU: the closed orifice of the seed ; p. 135. 

Midrib: the middle or main rib of a leaf; p. 55. 

MtUc'Vaadt'.^.lA^, 

Mfniate: vermilion-colored. 

MUriform : mitre-shaped ; in the form of a peaked cap. 

MomuUiphouB : stamens united by their filaments into one set; p. 111. 

Mondndrous (flower) : having only one stamen; p. 112. 

Montiiform : necklace-shaped ; a cylindrical body contracted at intervals. 

Monochlampdeous : having only one floral envelope, i. e. calyx bat no ooroUa, aa 

Anemone, fig- 179, and Castor-oil Plant, fig. 178. 
MonocotyUdomus (embryo) : with only one cotyledon ; p. 16, 137. 
MonocoijfledonouM PlantM, p. 150, 192. 

Monoecious, or Monoicous (flower) : having stamens or pistils only ; p. 90. 
Mondgynoua (flower) : having only one pistil, or one style; p. 116. 
Monop^alous (flower) : with the corolla of one piece; p. 101. 
Monophyllous : one-leaved, or of one piece ; p. 102. 
Mouosepalous: a calyx of one piece; i. e. with the sepals united into one body ; 

p. 101. 
Mono»p€miou8 : one-seeded. 

Monstrosity : an unnatural deviation from the usual structure or form. 
Morphology: the department of botany which treats of the forms which an organ 

(say a leaf) may assume ; p. 28. 
MOcronate: tipped with an abrupt short point (mvcro) ; p. 60, fig. 111. 
Mucrdnulate: tipped with a minute abrupt point; a diminutive of the last. 
MM', in composition : many ; as 

Multangular: many-angled. Multidpiud: many-headed, &c. 
Multifarious: in many rows or ranks. Miiltijid: many-cleft; p. 62. 
Multildcular : many-celled. MuUis^rial: in many rows. 
Multiple Fruits, p. 133. 
Muricate: beset with short and hard points. 
Muri/orm : wall-like ; resembling courses of bricks in a wall. 
Muscology : the part of descriptive botany which treats of Mosses (i. e. Musd), 
Muticous: pointless; beardless; unarmed. 
Mycelium : the spawn of Fungi ; i. e. the filaments from which Mushrooms, &c. 

originate. 

Ndpiform: turnip-shaped; p. 31, fig. 57. 

Natural System: p. 195. 

Naturalized: introduced from a foreign country, but growing perfectly wild and 

propagating freely by seed. 
Navicular: boat-shaped, like the glumes of most Grasses. 
Necklace-shaped: looking like a string of beads ; see moniliform. 
Nectar : the honey, &c. secreted by glands, or by any part of the corolla. 
Nectariferous : honey-bearing ; or having a nectary. 
Nectary : the old name for petals and other parts of the flower when of unusual 

shape, especially when honey-bearing. So the hollow spur-shaped petals of 

Columbine were called nectaries ; also the curious long-dawed petals of 

Monkshood, fig. 186, &c 
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Needle-shaped: long, slender, and rigid, like the leaves of Pines; p. 68, fig. 140. 
Nerve: a name for the ribs or veins of leaves, when simple and parallel ; p. 56. 
Nerved : furnished with nerves, or simple and parallel ribs or veins ; p. 56, fig. 84, 
Netted-veined : furnished with brandling veins forming network ; p. 56, fig. 83. 
Nodding (in Latin form, Nutant) : bending so that the summit hangs downward. 
Node: a knot; the "joints" of a stem, or the part whence a leaf or a pair of 

leaves springs ; p. 40. 
Nddose : knotty or knobby. Nddtdose : furnished with little knobs or knots. 
Normal : according to rule ; the pattern or natural way according to some law. 
Notate: marked with spots or lines of a different color. 
NucamerUaceous : relating to or resembling a small nut. 
Nuciform : nut-shaped or nut-like. Nucule : a small nut. 
Nucleus: the kernel of an ovule (p. 122) or seed (p. 136) of a cell; p. 140. 
Nut: a hard, mostly one-seeded indehiscent fruit; as a chestnat, batteraat, 

acorn ; p. 130, fig. 299. 
Nutlet : a little nut ; or the stone of a drupe. 

Gb- (meaning over against) : when prefixed to words, signifies inversion ; as, 

Obcompressed : flattened the opposite of the usual way. 

Obcdrdate: heart-shaped with the broad and notched end at the apex instead of 

the base ; p. 60, fig. 109. 
Obldnceolate : lance-shaped with the tapering point downwards ; p. 58, fig. 91. 
Oblique : applied to leaves, &c. means unequal-sided. 
Oblong : from two to four times as long as broad, and more or less elliptical 

in outline ; p. 58, fig. 87. 
Obdvate: inversely ovate, the broad end upward ; p. 58, fig. 93. 
Obtuse: blunt, or round at the end ; p. 60, fig. 105. 
Obverse: same as inverse. 
Obvolute (in the bud) : when the margins of one leaf alternately overlap those of 

the opposite one. 
Ochreate: furnished with ochrece (boots), or stipules in the form of sheaths; as 

in Polygonum, p. 69, fig. 137. 
Ochroleucous: yellowish-white; dull cream-color. 
Octo-f eight, enters into the composition of 
Octdgynous : with eight pistils or styles. 

Octdmerous : its parts in eights. Octdndrous : with eight stamens, &c 
Offset: short branches next the ground which take root ; p. 38. 
i}ne'ribbedy One-nervedy &c. : furnished with only a single rib, &c., &c. 
Opaque^ applied to a surface, means dull, not shining. 

Ope'rculate: furnished >vith a lid or cover {operculum) ^ as the capsules of Mosses. 
Opposite : said of leaves and branches when on opposite sides of the stem from 

each other (i. e. in pairs) ; p. 23, 71. Stamens are opposite the petals, &c 

when they stand before them. 
OrbScularf Orbiculate : circular in outline or nearly so ; p. 58. 
Organ : any member of the plant, as a leaf, a stamen, &c. ; p. 1. 
Organs of Vegetation^ p. 7 ; of Reproduction y p. 77. 
Organized^ Organic: p. 1, 158, 159, 162. - 
Organic ConstUuentSf p. 160. Organic Structure, p. 142. 
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Orthdlropous or Orthdtropal (ovule or seed) : p. 122, 135, fig. 270, 274. 

OaseouM: of a bonv texture. 

Oval: broadly elliptical; p. 88. 

Ovary: that part of the pistil containing the ovules or future seeds ; p. 86, 116. 

Ovate : shaped like an egg with the broader end downwards, or, in plane sor- fj 

faces, such as leaves, like the section of an egg lengthwise ; p. 58, fig. 89. 
Ui'oid: ovate or oval in a solid form. 
f)cuU: the body which is destined to become a seed ; p. 86, 116, 122. 

Palea (plural palae) : chaff; the inner husks of Grasses ; the chaff or bracts on 
the receptacle of many Composite, as Coreopsis, fig. 220, and Suo flower. 

Paleaceous : furnished with chaff, or chaffy in texture. 

Palmate : when leaflets or the divisions of a leaf all spread from the apex of tbo 
petiole, like the hand with the outspread fingers ; p. 167, fig. 129, &c. 

Palmately (veined, lobcd, &c.) : in a palmate manner; p. 57, 63, 65. 

Panthb-iform : fiddle-shaped (which see). 

Pdnicle : an open cluster ; like a raceme, but more or less compound ; p. 81, 
fig. 163. 

Panicied, Paniculate : arranged in panicles, or like a panicle. 

Papery : of aboat the consistence of letter-paper. 

Papilionaceous: butterfly-shaped; applied to such a corolla as that of the Pea 
and the Locust-tree; p. 105, fig. 217. 

Papilla (plural papillae) : little nipple-shaped protuberances. 

Papdlate, Paptilose: covered with papillae. 

Pappus: thistle-down. The down crowning the achenium of the Thistle, and 
other Compositse, represents the calyx ; so the scales, teeth, chaff, as well 
as bristles, or whatever takes the place of the calyx in this family, are called 
the pappus ; fig. 292-296, p. 130. 

Parallel-veined f or nerved (leaves) : p. 55, 56. 

Pardphyses : jointed filaments mixed with the anthcridia of Mosses. (Manual, 
p. 607.) 

Parenchyma : soft cellular tissue of plants, like the green pulp of leaves. 

Parietal (placentae, &c.) : attached to the walls (parides) of the ovary or pen- 
carp; p. 119, 120. 

Parted: separated or cleft into parts almost to the base; p. 62. 

Partial involucre, same as an inrducel : partial petiole, a division of a main leaf- 
stalk or the stalk of a leaflet : partial peduncle, a branch of a peduncle : par- 
tial umbel, an umbellct, p. 81. 

Patent : spreading ; open. Patulous : moderately spreading. 

Pauci-, in composition : few ; as paucijlorous, few-flowered, &c. 

Pear-shaped: solid obovate, the shape of a pear. 

Pectinate : pinnatifid or pinnately divided into narrow and close divisions, like 
the teeth of a comb. 

Pedate : like a bird's foot ; palmate or palmately cleft, with the side divisions 
again cleft, as in Viola pcdata, &c. 

Pedatdy cleft, lobed, &c. : cut in a pedate way. 

Pedicel : the stalk of each particular flower of a cluster; p. 78, fig. 156. 

Pe'dicellate, Pe'diceUed: furnished with a pedicel. 
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Pifdunde : a flower-stalk, whether of n single flower or of a flower-cluster ; p. 78. 

P^dunded, Pedunculate : furnished with a peduncle. 

PeUaie: shield-shaped: said of a leaf, whatever its shape, when the petiole is 

attached to the lower side, somewhere within the margin ; p. 59, flg. 102, 178. 
Pendent : hanging. Pendulous : somewhat hanging or drooping. 
Penicillate : tipped with a tuft of fine hairs, like a painter's pencil ; as the stig- 
mas of some Grasses. 
Penta- (in words of Greek composition) : five ; as 
Pentdgynous : with five pistils or styles ; p. 116. 
Pentdmerous : with its parts in fives, or on the plan of five. 
Pentdndrous : having five stamens ; p. 112. Penfdstichous : in five ranks. 
Pepo: a fruit like the Melon and Cucumber; p. 128. 
Perennial: lasting from year to year ; p. 21. 
Perfect (flower) : having both stamens and pistils ; p* 89. 
Perfdliate: passing through the leaf, in appearance ; p. 67, fig. 131, 132. 
P&forate : pierced with holes, or with transparent dots resembling holes, as an 

Orange-leaf: 
P€rianih : the leaves of the flower generally, especially when we cannot readily 

distinguish them into calyx and corolla ; p. 85. 
P&icarp : the ripened ovary ; the walls of the fruit ; p. 127. 
Pericdrptc : belonging to the pericarp. 

P^richfeth : the cluster of peculiar leaves at the base of the fruit-stalk of Mosses. 
Perichmtial: belonging to the perichseth. 
Periffdnium, Pen'gdne : same as perianth. 
Perigynium : bodies around the pistil ; applied to the closed cup or bottle-shaped 

body which encloses the ovary of Sedges, and to thd biistles, little scales, 

&c. of the flowers of some other Cyperacece. 
Perigynous : the petals and stamens borne on the calyx ; p. 104, 111. 
Peripheric : around the outside, or periphery, of any organ. 
P^rtstperm: a name for the albumen of a seed (p. 136). 
Peristome : the fringe of teeth, &c. around the orifice of the capsule of Mosses. 

(Manual, p. 607.) 
Persistent : remaining beyond the period when such parts commonly &11, as the 

leaves of evergreens, and the calyx, &c. of such fiowers as remain during 

the growth of the fruit. 
P&sonate: masked ; a bilabiate corolla with a projection, or palate^ in the throat, 

as of the Snapdragon ; p. 106, fig. 210, 211. 
Petal : a leaf of the corolla ; p. 85. 
Petahid: petal-like ; resembling or colored like petals. 
PAioie : a footstalk of a leaf ; a leaf-stalk, p. 54. 
Petiofedy Petidate : furnished with a petiole. 

Petidiulate : said of a leaflet when rai.sed on its own partial leafstalk. 
Phaindgamous, or Phanerdgamous : plants bearing flowers and producing needs t 

same as Flowering Plants ; p. 177, 182. 
Phyllddium (plural phyllodia) : a leaf where the blade is a dilated petiole, as in 

New Holland Acacias ; p. 69. 
PhyUoidxis^ or PhyUotaxy : the arrangement of leaves on the stem ; p. 71 . 
Phifsiologioal Botany, Physiology , p. 3. 
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Phyton : a name used to designate the pieces which by their repetition make vp 
a plant, theoretically, viz. a joint of stem with its leaf or pair of leaves. 

PiUferous: bearing a slender bristle or hair (pilum), or beset with hairs. 

PUose : hairy ; clothed with soft slender hairs. 

Pinna : a primary branch of the petiole of a bipinnate or tripinnate leaf, as fig. 
130, p. 66. 

Pfnntde : a secondary branch of the petiole of a bipinnate or tripinnate leaf ; p. 66. 

Pinnate (leaf) : when the leaflets are arranged along the sides of a conmion pe- 
tiole ; p. 65, fig. 126 - 128. 

Pinnatdy lobed^ cleft, parted, divided^ &c., p. 63. 

Pinndtifd: same as pinnately cleft ; p. 63, fig. 119. 

Pistil: the seed-bearing organ of the flower ; p. 86, 116. 

PvUillidium : the body which in Mosses, Liver\('orts, &c. answers to the pisdL 

Pitchers, p. 51, fig. 79, 80. 

Pith : the cellular centre of an exogenous stem ; p. 150, 151. 

Pitted: having small depressions or pits on the surface, as many seeds. 

Placenta : the surface or part of the ovary to which the ovules are attached ; 
p. 118. 

Plaited (in the bud) ; p. 76, fig. 150 ; p. 110, fig. 225. 

Plane: flat, outspread. 

Plicate : same as plaited. 

Plumose : feathery ; when any slender body (such as a bristle of a pappus) is 
beset with hairs along its sides, like the plumes or the beard on a feather. 

Plilmtile : the little bud or first shoot of a germinating plantlet above the cotyle« 
dons ; p. 6, fig. 5 ; p. 137. 

Pluri', in composition : many or several ; as 

Plurifoliolate : with several leaflets ; p. 66. 

Pod: specially a legume, p. 131 ;. also applied to any sort of capsule. 

Pddosperm : the stalk of a seed. 

Pointless: destitute of any pointed tip, such as a mucro, aton, acuminatum, &c. 

Pollen : the fertilizing powder of the anther ; p. 86, 114. 

Pollen-mass : applied to the pollen when the grains all cohere into a mass, as in 
Milkweed and Orchis. 

Pdy- (in compound words of Greek origin) : same as multi- in those of Latin 
origin, viz many ; as 

Polyaddphous : having the stamens united by their filaments into several bun. 
dies; p. 112. 

Pdydndrous : with numerous (more than 20) stamens (inserted on the recep- 
tacle) ; p. 112. 

PotycotyUdonous : having many (more than two) cotyledons, as Pines ; p. 17, 
137, fig. 45, 46. 

Pol^amous : having some perfect and some separated flowers, on the same or on 
different individuals, as the Red Maple. 

Polygonal: many-angled. 

Polygynous: with many pistils or styles; p. 116. 
Polpmerous : formed of many parts of each set. 
Polymdrphous : of several or varying forms. 

Polyp^alous : when the petals are distinct or separate (whether few or many) ; 
p. 103. 
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Pdyph^fUom : manj-leayed ; formed of several distinct pieces, as the caljx of 

Sedum, fig. 168, Flax, fig. 174, &c 
Polys^pahus : same as the last when applied to the calyx ; p. 103. 
Pdysp^rmom : many-seeded. 

Pome: the ap^e, pear, and similar fleshy fruits ; p. 128. 
Porous : full of holes or pores. 

Pouch : the silicle or short pod, as of Shepherd's Parse ; p. 133. 
Proefloration : same as cBsthntion ; p. 108. 
Prcefoltation : same as vernation; p. 75. 
Prcemdrse : ending abruptly, as if bitten off. 

Prickles : sharp elevations of the bark, coming off with it, as of the Bose ; p. 39. 
Priddy : bearing prickles, or sharp projections like them. 
Pr(mine : the outer coat of the covering of the ovule ; p. 124. 
Primdrdial : earliest formed ; primordial leaves are the first after the cotyledons. 
Prismdtic : prism-shaped ; having three or more angles bounding flat or hollowed 

sides. 
Process : any projection from the surface or edge of a body. 
Procumbent : trailing on the ground ; p. 37. 
Produced : extended or projecting, as the upper sepal of a Larkspur is produced 

above into a spur ; p. 91, fig. 183. 
ProUferous (literally, bearing offspring) • where a new branch rises from an 

older one, or one head or cluster of flowers out of another, as in Filago 

Grermanica, &c. 
Prostrate : lying flat on the ground. 
Prdteine: a vegetable product containing nitrogen ; p. 165. 
Prdtoplasm : the soft nitrogenous lining or contents of cells ; p. 165. 
Pruinose, Pruinate : frosted ; covered with a powder like hoar-frosL 
Pub€rulent : covered with fine and short, almost imperceptible down. 
Pubescent : hairy or downy, especially with fine and soft hairs or jwbeseence. 
Pulverulent, or Pulveraceous : dusted ; covered with fine powder, or what looki 

like such. 
Pttivinate : cushioned, or shaped like a cushion. 
Punctate : dotted, either with minute holes or what look as such (as the leaves of 

St. John*s-wort and the Orange), or with minute projecting dots. 
Pungent : very hard, and sharp-pointed ; prickly-pointed. 
Putdmen : the stone of a drupe, or the shell of a nut ; p. 128. 
Pyramidal : shaped like a pyramid. 

Pyr€ne, Pyr€na: a seed-like nutlet or stone of a small drupe. 
Pyxis, Pyxfdium : a pod opening round horizontally by a lid ; p. 133, fig. 298, 311. 

Quadri-f in words of Latin origin '. four ; as 

Quadrdngular : four-angled. Quadri/ofiate : four-leaved. 

Quddrifd: four-cleft; p 62. 

Quat^rnate : in fours. Qmnate : in fives. 

QmncUncial: in a quincunx ; when the parts in aestivation are five, two of tbcm 

outside, two inside, and one half out and half in, as shown in the caiyXp 

fig. 224. 
QuMuple: five-fold. 



228 GL088ART. 

Bace: a marked variety which may be perpetuated from seed ; p. 174. 
Raceme: a flower-cluster, with one-flowered pedicels arranged along the sides of 

a general peduncle ; p. 78, flg. 156. 
Racemose : bearing racemes, or raceme-like. 
Rack is : see rhachis. 
Radial: belonging to the ray. 

Rddiate^ or Radiant: furnished with ray-flowers ; p. 107, 
Rddical: belonging to the root, or apparently coming from the rooL 
RddicatU : rooting, taking root on or above the ground, like the stems of Tmm« 

pet-Creeper and Poison-Ivy. 
Rddicels: little roots or rootlets. 
Radicle : the stem-part of the embryo, the lower end of wliich forms the root ; pi 

6, fig. 4, &c. ; p. 137. 
Rameal : belonging to a branch. Ramose : fall of branches (rami), 
Rdmulose : full of branchlets (ramii/i). 
Raphe : see rhaphe. 
Ray: the marginal flowers of a head (as of Coreopsis, p. 107, fig. 219) or clnster 

(as of Hydrangea, fig. 167), when different from the rest, especially when 

lignlate, and diverging (like rays or sunbeams) ; the branches of an nmbel« 

which diverge from a centre ; p. 79. 
Receptacle: the axis or support of a flower; p. 86, 124; the common axis or 

support of a head of flowers ; fig. 230. 
Redined: turned or curved downwards; nearly recumbent. 
Recurved: curved outwards or backwards. 

Reduplicate (in Aestivation) : valvate with the margins turned outwards, p. 109. 
Reflexed : bent outwards or backwards. 
Refracted: bent suddenly, so as to appear broken at the bend. 
Regular: all the parts similar ; p. 89. 
R^niform : kidney-shaped ; p. 58, fig. 100. 
Rppdnd: wavy-margined ; p. 62, fig. 115 
Repent: creeping, i. e. prostrate and rooting underneath. 
Re'plum : the persistent frame of some pods (as of Prickly Poppy and Cress), 

after the valves fall away. 
Reproduction^ organs of: all that pertains to the flower and fruit; p. 76. 
Resupinate: inverted, or appearing as if upside down, or reversed. 
Reticulated: the veins forming network, as in fig. 50, 83. 
Retroflexed : bent backwards ; same as reflexed. 
Retiise : blunted ; the apex not only obtuse, but somewhat indented ; p. 60, 

fig. 107. 
R^volute : rolled backwards, as the margins of many leaves ; p. 76. 
Rhachis (the backbone) : the axis of a spike, or other body ; p. 78. 
Rhaphe : the continuation of the seed-stalk along the side of an anatropous ovule 

(p. 123) or seed ; fig. 273, r» 319 and 320, 6. 
Rhdphides : crystals, especially needle-shaped ones, in the tissues of plants. 
Rhizdma: a rootstock ; p. 40, fig. 64-67. 

Rhombic : in the shape of a rhomb. Rhomboidcd : approaching that shape. 
Rib : the principal piece, or one of the principal pieces, of the framework of a 

leaf, p. 55 ; or any similar elevated line along a body. 



Ring : an elastic band on the spore-cases of Ferns. (Manual, p. 587, plate 9. 

fig. 2,3.) 
Bingent : grinning ; gaping open ; p. 102, fig. 209. 
Root, p. 28. 
Root-hairs f p. 31, 149. 

Rootlets : small roots, or root-branches ; p. 29. 

Rootstock : root-like trunks or portions of stems on or under ground ; p. 40. 
Rosaceous : arranged likd the petals of a rose. 
Rostdlate: bearing a small beak (rostellum). 
Rdstrate : bearing a beak {rostrum) or a prolonged appendage. 
Rdsulate : in a regular cluster of spreading leaves, resembling a fall or donblt 

rose, as the leaves of Houseleek, &c. 
Rotate: wheel-shaped : p. 101, fig. 204, 205. 
Rotund: rounded or roundish in outline. 

Rudimentary : imperfectly developed, or in an earlj state of development. 
RUgose : wrinkled, roughened with wrinkles. 
Ruminated (albumen) : penetrated with irregular channels or portions filled with 

softer matter, as a nutmeg. 
RUncinate : coarsely saw-toothed or cut, the pointed teeth turned towards the 

base of the leaf, as the leaf of a Dandelion. 
Runner : a slender and prostrate brancb, rooting at the end, or at t|ie joints, as 

of a Strawberry, p. 38. 

Sac : any closed membrane, or a deep purse-shaped cavity. 

Sdgittate : arrowhead-shaped ; p. 59, fig. 95. 

Salver-shapedj or Salver-form : with a border spreading at right angles to a slen- 
der tube, as the corolla of Phlox, p. 101, fig. 208, 202. 

Samara : a wing-fruit, or key, as of Maple, p. 5, fig. 1, Ash, p. 131, fig. 300, and 
Elm, fig. 301. 

Sdmaroid: like a samara or key-fruit. 

Sap: the juices of plants generally. Ascending or crude sap; p. 161, 168. 
Elaborated sap, that which has been digested Or assimilated by the plant ; 
p. 162, 169. 

Sdrcocarp : the fleshy part of a stone-fruit, p. 128. 

Sarmentdceous : bearing long and flexible twigs {sarmenis), either spreadii^ or 
procumbent. 

Saw-ioothed : see serrate. 

Scdbrous : rough or harsh to the touch. 

Scaldrijbrm : with cross-bands, resembling the steps of a ladder. 

Sc<des : of buds, p 22, 50 ; of bulbs, &c., p. 40, 46, 50. 

Scaly : furnished ^vith scales, or scale-like in texture ; p. 46, &c. 

Scandent : climbing ; p. 37. 

Scape : a peduncle rising from the ground, or near it, as of the stemless Violets, 
the Bloodroot, &c. 

Scdpiform : scape-like. 

Scar of the seed, p. 135. Leaf-scars^ p. 21. 

Scdrious or Scaria^ : thin, dry, and membranous. 

Safbijbrm: resembling sawdust. 
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Scdrpmd or ScorjnoiM : carved or circinftte at the end, Vke the tAfl of a ioolr- 

pion, as the inflorescence of Heliotrope. 
' Scrobfculate : pitted ; excavated into shallow pits. 
Scurfs Scurfiness : minute scales on the sor&ice of many leaves, as of Goosefoo^ 

Buffalo-berry, &c. 
ScUtate: buckler-shafted. 

Scut^late, or ScutStliJorm : saucer-shaped or platter-shaped. 
S^und: one-sided ; i. e. where flowers, leaves, &c. are all tamed to oee si^. 
Sectindine : the inner coat of the ovule ; p. 124. 
Seed, p. 134. Seed-coata, p. 134. Seed-vessel, p. 127.- 
Segment : a subdivision or lobe of any cleft body. 
S^tfregaie : separated from each other. 
Semi' (in compound words of Latin origin) : half; as 

Semi-adherent, as the calyx or ovary of Purslane, fig. 214. Semicordafe : half- 
heart-shaped. iSemt/unar; like a half-moon. iScmtottite .^ half-ovate, &G. 
Seminal : relating to the seed. Seminiferous : seed-bearing. 
Sempervirent : evei^green. 
Sepcd : a leaf or division of the calyx ; p. 85. 
S^paim'd : sepal-like. Sepaline : relating to the sepals. 
Separated Flowers : those having stamens or pistils only ; p. 89. 
Septaie: divided by partitions {septa). 
S€ptenate : with parts in sevens. 
Septiddal: where a pod in dehiscence splits through the partitions, dividing 

each into two layers ; p. 132, fig. 306. 
Septiferous : bearing the partition. 
Septifragal : where the valves of a pod in dehiscence break away from the pai" 

titions ; p. 132. 
Septum (plural septa) : a partition, as of a pod, &c. 
Serial, or Seriate : in rows ; as biserial, in two rows, &c. 
Sericeous : silky ; clothed with satiny pubescence. 
Serdtinous : happening late in the season. 
Serrate, or Serrated: the mai^gin cut into teeth (serratwes) pointing forwards,* 

p 61, fig. 112. 
Serrulate : same as the last, but with fine teeth. 
Sessile : sitting ; without any stalk, as a leaf destitute of petiole, or an anther 

destitute of filament. 
Seta : a bristle, or a slender body or appendage resembling a bristle. 
Setdceous: bristle-like. Sitiform: bristle-shaped. 
Setigerous : bearing bristles. Setose: beset with bristles or bristly hairs. 
Sex: six; in composition. Sexangtdar: six-angled, &c. 
Sheath : the base of such leaves as those of Grasses, which are 
Slieathing : wrapped round the stem. 
Shield-shaped: same as scutate, or as pdtate^ p. 59. 
Shrub, p. 21. 

Sigmoid.' curved in two directions, like the letter S, or the Greek sigma. 
Silicidose: bearing a silicle, or a fruit resembling it. 
Sfficle: a pouch, or short pod of the Cress Family ; p. 133. 
Silique : a longer pod of the Cress Family ; p. 133, fig. 310. 
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ScUquote : bearing siliqnes or pods which resemble siliques. 

Silky : glossy with a coat of fine and soft, close-pressed, straight hairs. 

SUver-grain of wood f p. 151. 

Silvery : shining white or bluish-gray, iisnaUy from a silky pabescence. 

Simple: of one piece ; opposed to compound. 

Sinistrorae : turned to the left. 

Sinuate: strongly wavy ; with the margin alternately bowed inwards and out- 
wards ; p. 62, fig. 1 16. 

Sinus : a recess or bay ; the re-entering angle or space between two lobes or pro- 
jections. 

Sleep of Plants (so called), p. 170. 

Sobolffei'ous : bearing shoots from near the ground. . 

Solitary : single ; not associated with others. 

Sorus (plural sort) : the proper name of a fruit-dot of Ferns. 

Spadix: a fleshy spike of flowers; p. 80, fig. 162. 

Spathaceom : resembling or furnished with a 

Spathe: a bract which inwraps an inflorescence; p. 80, fig. 162. 

Spdtulate, or Spathulate : shaped like a spatula ; p. 58, fig. 92. 

Special Movements j p. 170. 

SpecieSy p. 173. 

Specific Character, p. 181. Specific Names, p. 179. 

Spicate : belonging to or disposed in a spike. 

Sp(cifi)rm : in shape resembling a spike. 

Spike : an inflorescence like a raceme, only the flowers are sessile ; p. 80, fig. 160. 

Spikdet: a small or a secondary spike ; the inflorescence of Grasses. 

Spine : a thorn ; p. 39. 

Spindle^haped' tapering to each end, like a radish ; p. 31, fig. 59. 

Spinescent : tipped by or degenerating into a thorn. 

Spinose, or Spiniferous: thorny. 

Spiral arrangement ofleaves^ p. 72. Spiral vessels or ducts, p. 148. 

Spordngia, or Spdrocarps : spore-cases of Ferns, Mosses, &c. 

Spore : a body resulting from the fructification of Cryptogamous plants, in them 
taking the place of a seed. 

SpdruJle: same as a spore, or a small spore. 

Spur: any projecting appendage of the flower, looking like a spur, as that of 
Larkspur, fig. 183. 

Spiamate, Squamose, or Sqnamaceous: furnished with scales (squamoe). 

Squam^liate or Squdmalose : furnished with little scales {squamelUe or squamula), 

Squdmifi>rm : shaped like a scale. 

Squarrose: where scales, leaves, or any appendages, are spreading widely from 
the axis on which they are thickly set 

Squdrrulose: diminntivQ o( squarrose ; slightly squarrose. 

Slalk : the stem, petiole, peduncle, &c., as the case may be. 

Stamen, p. 86, 111. 

Staminate: furnished with stamens; p. 89. Staminent : rclatinjr to the stamens. 

Stamin6dium: an abortive stamen, or other body resembling a stei*ilc stamen. 

Standard: the upper petal of a papilionaceous corolla; p 105, fig. 217, 218, t. 

Starch : a well-known vegetable product ; p. 163. J 
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Station : the particular place, or kind of situation, in which a plant natnrallj 

occurs. 
Stdiiate, Stdlular: starry or star-like; where several similar parts spread out 

from a common centre, like a star. 
Stem^ p. 36, &c. 

Stemless : destitute or apparently destitute of stem. 
Sterile : barren or imperfect ; p. 89. 

Stiff ma : the part of the pistil which receives the pollen ; p 87. 
Stigmd/ic, or Stigmatoee : belonging to the stigma. 
Stipe (Latin stipes) * the stalk of a pistil, &c., when it has any ; the stem of a 

Mushroom. 
Stipel: a stipule of a leaflet, as of the Bean, &c 
Stipulate: furnished with stipels, as the Bean and some other Legominoiis 

plants. 
Stfpitate: furnished with a stipe, as the pistil of Cleome, fig. 276. 
Stipulate: furnished with stipules. 

Stipules: the appendages one each side of the base of certain leaves ; p. 69* 
Stolons : trailing or reclined and rooting shoots ; p. 37. 
Stoloniferous : producing stolons. 

Stomate (Latin stoma , plural stomata) : the breathing-pores of leaves, &c.; p. l.'»6. 
Strap-shaped: long, flat, and narrow; p 106. 
Striate, or Striated: marked with slender longitudinal grooves or channels 

(Latin strice). 
Strict : close and narrow ; straight and narrow. 

Strigdlose, Strujose: beset with stout and appressed, scale-like or rigid bristies. 
Strohildcfous : relating to, or resembling a 
Strdi)ile : a multiple fruit in the form of a rone or head, as that of the Hop and 

of the Pine ; fig. 314, p. 133. 
Strdphiole: same as carunc/e. Strophiolate : furnished with a strophiole. 
Struma : a wen ; a swelling or protuberance of any organ. 
Stifle : a part of the pistil which bears the stigma ; p. 86. 
Styhpddium : an epigynous disk, or an enlargement at the base of the style, 

found in Umbelliferous and some other plants. 
Suh-y as a prefix : about, nearly, somewhat ; as subcordate, slightly cordate : sub- 
serrate, slightly serrate : suhaxillaryy just beneath the axil, &c., &c. 
Sdberose: corky or cork-like in texture. 
Subclass, p. 177, 183. Snitorder, p. 176. Suhtrit)e, p. 177. 
Subulate : awl-shaped ; tapering from a broadish or thickish base to a sharp 

point ; p. 68. 
Succulent : juicy or pulpy. 

Suckers: shoots from subterranean branches; p. 37. 
Suffrut€scent : slightly shrubby or woody at the base only ; p. 36. 
Sugar, p. 163. 

Siilcate: grooved longitudinally with deep furrows. 
Snpemumerarg Buds: p. 26. 

Sup^rvdute: plaited and convolute in bud ; p. 110, fig. 225. 
Supra-axillary: borne above the axil, as some buds ; p. 26, fig. 52. 
Supra-decompound: many times compounded or divided. 
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S^trculose: prodacing sucken, or shoots resembling them. 

Suspended: hanging down. Suspended ovules* or seeds hang from the rery 

summit of the cell which contains them; p. 122, fig. 269. 
Sutured: belonging or relating to a suture. 

Suture: the line of junction of contiguous parts grown together; p. 117. 
Su)ord'shaped : vertical leaves with acute parallel edges, tapering above to a 

point ; as those of Iris, fig. 133. 
Symmetrical Flower: similar in the number of parts of each set; p. 89. 
Sifndntherous, or Syngenesious: where stamens are united by their anthers ; p. 1 1 2, 

fig. 229. 
Syncdrpous (fruit or pistil) : composed of several carpels consolidated into one. 

System, p. 195. 

Systematic Botany: the study of plants after their kinds ; p. 3. 

Taper-pointed: same as acuminate ; p. 60, fig. 103. 

Tap-root: a root with a stout tapering body ; p. 32. 

Tawny : dull yellowish, with a tinge of brown. 

Taxdnomy: the part of Botany which treats of classification. 

T^men : a name for the inner seed-ooat. 

Tendril: a thread-shaped body used for cHmbing, p. 38: it is either a branch, 

as in Virginia Creeper, fig. 62 ; or a part of a leaf, as in Pea and Vetch* 

fig. 127. 
T€rete: long and round ; same as cylindricaly only it may taper. 
Tinnind: borne at, or belonging to, the extremity or summit. 
Termindlogy: the part of the science which treats of technical terms; same as 

glossology. 
T&nate: in threes ; p. 66. Temately: in a temate way. 
Testa: the outer (and usually the harder) coat or shell of the seed; p. 134. 
Tetra- (in words of Greek composition) : four; as, 
Tetracdccous : of four cocci or carpels. 
Tetradynamous : where a flower has six stamens, two of them shorter than tho 

other four, as in Mustard, p. 92, 112, fig. 188. 
Tetrdgonal: four-angled. Tetrdgynous: with four pistils or styles ; p. 116. 
Tetrdmerous : with its parts or sets in fours. 
Tetrdndrous: with four stamens ; p. 112. 
Theca : a case ; the cells or lobes of the anther. 
T^om : see spine ; p. 39. ^ 

Thread-shaped: slender and round, or roundish like a thread ; as the filament oH 

stamens generally. 
Throat : the opening or gorge of a monopetalous corolla, &c., where the border 

and the tube join, and a little below. 
Thyrse or Thyrsus : a compact and pyramidal panicle ; p. 81. 
Tdmentose : clothed with matted woolly hairs (lomentum). 
Tongue-shaped: long, flat, but thickish, and blunt. 
Toothed: furnished with teeth or short projections of any sort on the maigin, 

used especially when these are sharp, like saw-teeth, and do not point for. 

wards ; p. 61, flg. 113. 
Top-shaped: shaped like a top, or a cone with its apex downwards. 
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Tdrose, TOndose: knobbj ; where a cjlindrical body is swollen aft iDlennli. 

Torus: the receptacle of the flower; p. 86, 124. 

Tree, p. 21. 

Tri; in composition : three ; as 

Triad€lphou8 : stamens united by their filaments into three bandies; p. lis. 

Tridndrou* : where the flower has three stamens ; p. 112. 

Tribe, p. 176. 

Trichdtomaia : three-forked. Trkdccous: of three cocci or ronndish caipels. 

Trfcoior : baring three colors. Trictfttate: having three ribs. 

InaispidaU: three-pointed. Trid€ntaU: three-toothed. 

Triennial: lasting for three jears. 

Trifdrious : in three vertical rows ; looking three ways. 

Trffid: three-cleft; p. 62. 

Trifiliate : three-leaved. Tri/dliolate : of three leaflets ; p. 66. 

Trijurcaie: three-forked. Tr^onoua: three-angled, or triangular. 

Trigymus: with three pistils or styles; p. 116. TrijvgaU: in three pain {j^fgih 

TrUobed, or Trilobate : three-lobed ; p. 62. 

Trildcular: three-celled, as the pistils or pods in fig. 225 -227. 

Trimeroits: with its parts in threes, as Trillium, fig. 189. 

Trin&Daie : diree-nerved, or with three slender ribs. 

Triadous : where there are three sorts of flowers on the same or different indi- 
viduals ; as in Red Maple. 

Tripdrtible : separable into three pieces. Tripdrtite : three-parted ; p. 62. 

Tripelahus: having three petals ; as in fig. 189. 

Triph^iotu: three-leaved ; composed of three pieces. 

Tripinnate : thrice pinnate ; p. 66. Tripinndtifid : thrice pinnately cleft ; p. 64. 

Triple-ribbed, Triple-nerved, &c. : where a midrib branches into three near the 
base of the leaf, as in Sunflower. 

Tnqu&.rou8 : sharply three-angled ; and especially with the sides concave, like a 
bayonet. 

Tris&ial, or Triseriate: in three rows, under each other. 

Tristichous : in three longitudinal or perpendicular ranks. 

Tristigmdiic, or TrisKgmatose: having three stigmas. 

Trisdlcate: three-grooved. 

Trit€mate : three times temate ; p. 67. 

Trivial Name : the specific name. 

Trochlear: pulley-shaped. 

Trumpet-shaped: tubular, enhirged at or towards the summit, as the corolla or 
Trumpet-Creeper. 

Truncate : as if cut off at the top ; p. 60, fig. 106. 

Tube, p. 102. 

Trunk : the main stem or general body of a stem or tree. 

Tuber: a thickened portion of a subterranean stem or branch, provided with eyes 
(buds) on the sides ; as a potato, p 43, fig. 68. 

Tubercle : a small excrescence. 

Tuberded, or Tttherculate : bearing excrescences or pimples. 

Tuberous : resembling a tuber. Tuberiferous : bearing tubers. 

Tdbular: hoUow and of an elongated form; hollowed like a pipe. 
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Tumid : swollen ; somewhat inflated. 

Tunicate : coated ; invested with layers, as an onion ; p. 46. 

Turbinate : top-shaped. Turgid: thick as if swollen. 

Turio (plural turtones) : young shoots or suckers springing out of the ground ; aa 

Asparagus-shoots . 
Turnip-shaped: broader than high, nanowed below ; p. 32, fig. 57. 

Twin : in pairs (see geminate), as the flowers of Linnaea 
Twining : ascending by coiling round a support, like the Hop ; p. 37. 
Typical : well expressing the characteristics of a species, genus, &c 

ilnihel: the umbrella-like form of inflorescence ; p. 79, flg. 159. 

UnMlate : in umbels. UnMliferous : bearing umbels. 

UmbeUet : a secondary or partial umbel ; p. 81. 

Umhdicate : depressed in the centre, like the ends of an apple. 

timbonate : bossed ; fumished with a low, rounded projection like a boss (umbo)* 

Umbrdeuliform ; umbrella-shaped, like a Mushroom, or the top of the style of 

Sarracenia. 
Unarmed : destitute of spines, prickles, and the like. 
Uncinate: hook-sliaped ; hooked over at the end. 
Undershrub : partially shrubby, or a very low shrub. 
tfndulate : wavy, or wavy-maigined ; p. 62. 
UneqvaUy pinnate : pinnate with an odd number of leaflets ; p. 65. 
Ungukulate: furnished with a claw (unguis) ; p. 102, i. e. a narrow base, as the 

petals of a Rose, where the claw is very short, and those of Pinks (fig. 200), 

where the claw is very long. 
Uni', in compound words : one ; as 
Unifldrous: one-flowered. Uni/dliate: one4eaved. 
Unifdliolate : of one leaflet ; p. 66. Unijugate : of one pair. 
Unildbiate: one-lipped. UnilcUeral: one-sided. 

Unildcutar: one-celled, as the pistil in fig. 261, and the anther in fig. 238, 239. 
Unidoulate: having only one ovule, as in fig. 213, and fig. 267-269. 
Unis&ial : in one horizontal row. 

Unisexual: having stamens or pistils only, as in Moonseed, fig. 176, 177, &c. 
Univalved: a pod of only one piece after dehiscence, as fig. 253. 
UrdoUUe: urn-shaped. 

l^tride : a small, thin-walled, one-seeded fruit, as of Goosefoot ; p. 130, fig. 350. 
Utrtcular : like a small bladder. 

Vdginate: sheathed, surrounded by a sheath (vagina). 

Valve : one of the pieces (or doors) into which a dehiscent pod, or any similar 

body, splits ; p. 131, 114. 
Valvate, Vdlvdar : opening by valves. Valvate in ssstivation, p. 109. 
Varietg, p. 174, 177. 

Vdscular: containing vessels, or consisting of vessels, such as ducts ; p. 146, 148. 
Vaulted: arched ; same ob fornicate. 
Vegetable Physiology, p. 3. i 

Veil : the calyptra of Mosses. (Manual, p. 607 ) ^^^| 

Veins : the small ribs or branches of the firamework of leaves. &c. ; p. 55. 
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Veined, Veiny: furnished with evident veins. VMeu: destitute of veins. 

Veinlets : the smaller ramifications of veins. 

Velate : furnished with a veil. 

Velutinous : velvety to the touch. 

Venation : the veining of leaves, &c. ; p. 55. 

Venose : veiny ; furnished with conspicuous veins. 

Ventral: belonging to that side of a simple pistil, or other organ, which looks 

towards the axis or centre of the flower ; the opposite of dorsal ; as the 
Ventml Suture, p. 117. 

V^ntricose : inflated or swelled out on one side. 
V^ntdose : furnished with veinlets. 
Vermicular : shaped like worms. 

Vernation: the arrangement of the loaves in the bud; p. 75. 
V&nicose: the surface appearing as if varnished. 
V^micose : warty ; beset with little projections like warts. 
Versatile: attached by one point, so that it may swing to and fro, as the antlien 

of the Lily and Evening Primrose ; p. 113, fig. 234. 
Vertex : same as the apex. 

Vertical : upright ; perpendicular to the horizon, lengthwise. 
Verticil: a whorl ; p 71. VerticilkUe : whorled; p. 71, 75, fig. 148. 
Vesicle : a little bladder. Embryonal Veside, p. 139. Vesicular : bladdetj. 
Vessels : ducts, &c. ; p. 146, 148. 
VexiUary, Vexillar: relating to the 

VexiUum: the standard of a papilionaceous flower; p. 105, fig. 218, «. 
Vtilose: shaggy with long and soft hairs (villosity.) 
Vimineous : producing slender twigs, such as those used for wicker-work. 
Vine : any trailing or climbing stem ; as a Grape-vine. 
Vir€scent, Viridescent: greenish; turning green. 
Vfrgate : wand-shaped, as a long, straight, and slender twig. 
Viscous, Viscid: having a glutinous surface. 
Vitta (plural vittce) : the oil-tubes of the fruit of UmbellifersB. 
Vdluble: twining, as the stem of Hops and Beans ; p. 37. 

Wavy : the surface or margin alternately convex and concave ; p. 62. 

Waxy : resembling beeswax in texture or appearance. 

Wedge-shaped: broad above, and tapering by straight lines to a narrow basej 

p. 58, fig. 94. 
Wheel-shaped: see rotate; p. 102, fig. 204, 205. 
Whorl, Whorled: when leaves, &c. are arranged in a circle round the stem, 

p. 71, 75, fig. 148. 
Wing: any membranous expansion. Wings of papilionaceous flowers, p. 105. 
Winged: furnished with a wing; as the fruit of Ash and Elm, fig. 300, 301. 
Wood, p. 145. Woody: of the texture or consisting of wood. 
Woody Fibre, or Wood-Cells, p. 146. 
Woolly : clothed with long and. entangled soft hairs ; as the leaves of MoUein. 

THE END. 
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